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static RAM/Non-Volatile Memory Contents 

Standard Static RAM 

Part Number Date Density Organization Package 

TC55257D-L.7/95.256K.32K x 8.R R f=T... 

TC55257D1-L.9/95.256K.32K x 8.R F, FT... 

TC55257DI-V.12/95.256K.32K x 8.R F, FT... 

TC55257D-V.9/95.256K.32K x 8.R F, FT... 

TC551001B.7/95.1M.128Kx8.R R FT, TR 

TC551001B-L.7/95.1M.128K x 8.R R FT.,TR 

TC551001 Bl.9/95.1M.128K x 8.R R FT, TR 

TC551001 Bl-L.9/95.1M.128K x 8.R F, FT, TR 

TC551001 Bl-V.2/95.1M.128K x 8.R F, FT, TR 

TC551001B-V.7/95.1M.128K x 8.R F, FT, TR 

TC554161 .7/95.4M.256Kx16. FT. 

TC554161-L.7/95.4M.256Kx16. FT. 

TC554161I.2/95.4M.256Kx16. FT. 

TC554161I-L.2/95.4M.256Kx16. FT. 

TC554161I-V.10/95.4M.256Kx16. FT. 

TC554161-V.7/95.4M.256Kx16. FT. 


High Speed Static RAM 

Part Number Date Density Organization Package Features 

TC55V328A.12/94.256K.32K x 8.J.3.3V Operation 

TC558128A.7/95.1M.128Kx8.J. 

TC559128A.7/95.... 1.125M.128K x 9.J. 

TC551664A.8/95.1M.64K x 16.J. 

TC551864A.7/95.... 1.125M.64Kx 18.J. 

TC551402.7/95.4M. 1Mx4.J. 


High Speed Synchronous RAM 

Part Number Date Density Organization Package Features Lit. Number Page Number 

TC55V1165.12/95.1M.64K x 16.FF ..3.3V Operation.SR01011295.0-1 

TC55V1325.12/95.1M.32K x 32.FF.3.3V Operation.SR01021295.0-19 

Non-Volatile Memory 

Part Number Date Density Organization Package Features Lit. Number 

TC58A040.1/96.4M.4IVI x 1.SOP.Designed for audio applications.. NV04010196 

TC5816AFT.1/96.16M.2IVI x 8.TSOP II ...Industrial temperature available... NV16010196 

TC5816ADC.3/96.16M.2M x 8.SSFDC.Solid state floppy disk.NV16030396 

TC5832.1/96.32M.4M x 8.TSOP II... 3.3Vand 5V versions available... NV32010196 


Package: P = Plastic DIP, F = Flat package (SOP), SP = Slim Plastic DIR FW = Flat Wide package 

FT = Forward bend TSOP, TR = Reverse bend TSOP, J = SOJ 


Page Number 

.D-1 

.D-31 

.D-69 

.D-107 


Lit. Number Page Number 

SR25011294.B-1 

SR01010795.B-9 

SR01020795.B-17 

SR01030895.B-25 

SR01040795.B-33 

SR04010995.B-41 


Features Lit. Number Page Number 

.Low Power.SR25010795.A-1 

. Ind. Temp/Low Power.SR25020995.A-11 

Ind. Temp/Low Voltage.SR25031295.A-21 

.Low Voltage.SR25040995.A-33 

.SR01010795.A-45 

.Low Power.SR01020795.A-57 

.Industrial Temp.SR01030994.A-69 

.Ind. Temp/Low Power..SR01040994.A-81 

Ind. Temp/Low Voltage.SR01050295.A-93 

.Low Voltage.SR01060795.A-109 

.SR04010795.A-123 

.Low Power.SR04020795.A-133 

.Ind. Temp.SR04030295.A-143 

. Ind. Temp/Low Power.SR04040295.A-153 

Ind. Temp/Low Voltage.SR04051095.A-163 

.Low Voltage.SR04060795.A-173 
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A. Standard 
Static RAM 




TOSHIBA 


SILICON GATE CMOS 


TC55257DPiyDEL/DFTL-55L/70L/85L 

PRELIMINARY 


32,768 WORD x 8 BIT STATIC RAM 


Description 

The TC55257DPL is a 262,144 bit static random access memory organized as 32,768 words by 8 bits using CMOS 
technology, and operated from a single 5V power supply. Advanced circuit techniques provide both high speed and low 
power feati£es with an operating current of 5mA/MHz (typ.) and a minimum cycle time of 55ns. 

When CE is a logical high, the device is placed in a low power standby mode in which the standby current is O.SioA 
typically. The TC55257DPL has two control inputs. Chip Enable (CE) allows for device selection and data retention con¬ 
trol, while an Output Enable input (OE) provides fast memory access. Thus the TC55257DPL is suitable for use in micro¬ 
processor application systems where high speed, low power, and battery backup are required. 

The TC55257DPL is offered in a standard dual-in-line 28-pin plastic package (0.6 inch width), a small outline plastic 
package, and a thin small outline plastic package (forward type). 

Pin Connection (Top View) 


Features 

• Low power dissipation: 27.5mW/MHz (typ.) 

• Standby current: 2|iA (max.) at Ta = 25°C 

• 5V single power supply 
® Access time (max.) 



TC55257DPL/DFL/DFTL 

-55L 

-70L 

-85L 

Access Time 

55ns 

70ns 

85ns 

CE Access Time 

55ns 

70ns 

85ns 

OE Access Time 

30ns 

35ns 

45ns 


• Power down feature: CE 

• Data retention supply voltage: 2.0 ~ 5.5V 

• Inputs and outputs directly TTL compatible 

• Package TC55257DPL : DIP28-P-600 

TC55257DFL : SOP28-P-450 
TC55257DFTL : TSOP28-P 


o 28 PIN DIP & SOP o 28 PIN TSOP (forward type) 
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Pin Names 


< 

J 

O 

< 

Address Inputs 

R/W 

Read/Write Control Input 

OE 

Output Enable Input 

CE 

Chip Enable Input 

1/01 ~ 1/08 

Data Input/Output 

Vdd 

Power (+5V) 

GND 

Ground 


PIN NO. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

PIN NAME 

OE 

A11 

Ag 

Ag 

Ai3 

R/W 

Q 

G 

> 

Ai4 

Ai2 

A? 

Ae 

A5 

A4 

A3 

PIN NO. 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

PIN NAME 

A 2 

Ai 

Aq 

I/01 

1/02 

1/03 

GND 

1/04 

1/05 

1/06 

1/07 

1/08 

CE 

A 10 
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Aa standard 
Static RAM 





TC55257DPLyDFL/DFTL-55L/70l-/85L 


Static RAM 


SR25010795 


Block Diagram 



Operating Mode 


OPERATION MODE 

CE 

OE 

R/W 

1/01 -1/08 

POWER 

Read 

L 

L 

H 

Dqut 

•ddo 

Write 

L 

* 

L 

D|n 

boo 

Output Deselect 

L 

H 

H 

High-Z I 

boo 

Standby 

H 

* 

* 

High-Z 

bos 


* H or L 


Maximum Ratings 


SYMBOL 

ITEM 

RATING 

UNIT 

Vqd 

Power Supply Voltage 

-0.3 ~ 7.0 

V 

V|N 

Input Voltage 

-0.3* ~ 7.0 

V 

V|/o 

Input and Output Voltage 

-0.5* - Vdd + 0.5 

V 

Pd 

Power Dissipation 

1.0/0.6** 

w 

^SOLDER 

Soldering Temperature (10 s) 

260 

°c 

Tstrg 

Storage Temperature 

-55-150 

°c 

Tqpr 

Operating Temperature 

0-70 

°c 


* -3.0V at pulse width 50ns 
** SOP 
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SR25010795 Static RAM TC55257DPL/DFLyDFTL-55L/70L/85L 


DC Recommended Operating Conditions 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

Vdd 

Power Supply Voltage 

4.5 

5.0 

5.5 

V 

V|H 

Input High Voltage 

2.2 

- 

Vdd + 0*3 

V|L 

Input Low Voltage 

-0.3* 

- 

0.8 

Vdh 

Data Retention Supply Voltage 

2.0 

- 

5.5 


* -3.0V at pulse width 50ns 


DC and Operating Characteristics (Ta = 0 ~ 70°C, Vqq = 5V±10%) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

Ili 

Input Leakage Current 

V|N = 0 ~ Vdd 

- 

- 

±1.0 

pA 

■lo 

Output Leakage Current 

CE = V,h or R/W = V,l 
'^OUT = 0 ~ Vdd 

or OE = V(H 

- 

- 

±1.0 

pA 

•oh 

Output High Current 

Voh = 2.4V 

-1.0 

- 

- 

mA 

•OL 

Output Low Current 

Vql = 0.4V 

4.0 

- 

- 

mA 



CE = V,l 

^cycle - 1PS 

- 

10 

- 


•ddoi 


H/W = V|H 

other Input = V|h/V|l 
Iqut = 0mA 

‘cycle = “‘'in- cycle 

- 

- 

70 



Operating Current 

CE = 0.2V 

^cycle = 1PS 

- 

5 

- 

mA 

•dD02 


RA/V = Vdd ” 0.2 V 
Other Input 
= Vdd ■ 0.2V/0.2V 
•out = 0mA 

tcycie = cycle 


- 

60 


•ddsi 


CE = V|h 

- 

- 

3 

mA 

•dDS2 

Standby Current 

CE = Vdd-0.2V 

Ta = 0 ~ 70°C 

- 

- 

20 

pA 


Vdd = 2.0V ~ 5.5V 

Ta = 25°C 

- 

0.3 

2 

Capacitance* (Ta = 25°C, f = 1MHz) 







SYMBOL 

PARAMETER 

TEST CONDITION 

MAX. 

UNIT 



C|N 

Input Capacitance 

V|n = GND 

10 

PF 



Cqut 

Output Capacitance 

Vout = GND 

10 




Note: This parameter is periodically sampled and is not 100% tested. 
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I A. Standard 



TC55257DPL/DFI_/DFTL-55L/70l-/85L 


Static RAM 


SR25010795 


AC Characteristics (Ta = 0 ~ 70°C, Vqq = 5V±10%) 

Read Cycle 




TC55257DPL/DFL/DFTL 


SYMBOL 

PARAMETER 

-55L 

-70L 

-85L 

UNIT 



MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 


tRC 

Read Cycle Time 

55 

- 

70 

- 

85 

- 


Ucc 

Address Access Time 

- 

55 

- 

70 

- 

85 


^CO 

CE Access Time 

- 

55 

- 

70 

- 

85 


bE 

Output Enable to Output in Valid 

- 

30 

- 

35 

- 

45 


tcOE 

Chip Enable (CE) to Output in Low-Z 

10 

- 

10 

- 

10 

- 

ns 

^OEE 

Output Enable to Output in Low-Z 

5 

- 

5 

- 

5 

- 


toD 

Chip Enable (CE) to Output in High-Z 

- 

20 

- 

25 

- 

30 


toDO 

Output Enable to Output in High-Z 

- 

20 

- 

25 

- 

30 


tOH 

Output Data Hold Time 

10 

- 

10 

- 

10 

- 



Write Cycle 




TC55257DPL/DFL/DFTL 

— 

SYMBOL 

PARAMETER 

-55L 

-70L 

-85L 

UNIT 



MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 


twc 

Write Cycle Time 

55 

- 

70 

- 

85 

- 


twp 

Write Pulse Width 

45 

- 

50 

- 

60 

- 


tew 

Chip Selection to End of Write 

50 

- 

60 

- 

65 

- 


Us 

Address Setup Time 

0 

- 

0 

- 

0 

- 


twR 

Write Recovery Time 

0 

- 

0 

- 

0 

- 

ns 

toDW 

R/W to Output in High-Z 

- 

20 

- 

25 

- 

30 


toEW 

R/W to Output in Low-Z 

5 

- 

5 

- 

5 

- 


tps 

Data Setup Time 

25 

- 

30 

- 

40 

- 


tpH 

Data Hold Time 

0 

- 

0 

- 

0 

- 



AC Test Conditions 


Input Pulse Levels 

2.4V/0.6V 

Input Pulse Rise and Fall Time 

5ns 

Input Timing Measurement Reference Level 

1.5V 

Output Timing Measurement Reference Level 

1.5V 

Output Load 

1 TTL Gate and Cl = 30pF (-55L) 

1 TTL Gate and Cl = lOOpF (-70L, -85L) 
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PRELIMINARY 







SR25010795 


Static RAM 


TC55257DPL/DFL/DFTL-55L/70L/85L 






TC55257DPL/DFL/DFTL-55L/70L/85L 


Static RAM 


SR25010795 


Write Cycle 2 (CE Controlled Write) 


twc 



Notes: 

1. RAN is High for read cycle. 

2. Assuming that CE Low transition occurs coincident with or after the RAN Low transition, Outputs remain in a high 
impedance state. 

3. Assuming that CE High transition occurs coincident with or prior to the RAN High transition, Outputs remain in a high 
impedance state. 

4. Assuming that OE is High for a write cycle, the Outputs are in a high impedance state during this period. 

5. The I/O may be in the output state during this time; input signals of opposite phase must not be applied. 


-6 


TOSHIBA AMERICA ELECTROIMIC COMPONENTS, INC. 


PRELIMINARY 



SR25010795 


Static RAM 


TC55257DPI_/DFL/DFTL-55L/70I-/85L 


Data Retention Characteristics (Ta = 0 ~ 70°C) 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

Vdh 

Data Retention Supply Voltage 

2.0 

- 

5.5 

V 

IdDS2 

Standby Current 

Vdh = 3.0V 

- 

- 

10* 

HA 

Vdh = 5.5V 

- 

- 

20 

^CDR 

Chip Deselect to Data Retention Mode 

0 

- 

- 

ns 


Recovery Time 

tRC(1) 

- 

- 


*: 2mA (Max.) Ta = 0 ~ 40°C 
Note (1): Read Cycle Time 

CE Controlled Data Retention Mode 



Note (2): If the V|h of CE is 2.2V in operation, Iddsi current flows during the period that the voltage is going down from 4.5V to 2.4V. 
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A. Standard 
Static RAM 



TC55257DPL/DFL/DFTL-55L/70L/85L 

Static RAM 

SR25010795 

Outline Drawing 



DIP28-P-600 


Unit in mm 



Weight : 4.42g (Typ.) 
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A* Standard 
Static RAM 

















TC55257DPL/DFL/DFTL-55L/70Ly85L 


Static RAM 


SR25010795 


Outline Drawing 

TSOP29-P Unit in mnn 



0.5±0.1 


Weight : 0.22g (Typ.) 


1. This technical data may be controlled under U.S. Export Administration Regulations and may be subject to the approval of the U.S. Department of Commerce prior to export. Any export or re-export, directly or indi¬ 
rectly, in contravention of the U.S. Export Administration Regulations is strictly prohibited. 

2. LIFE SUPPORT POLICY 

Toshiba products described in this document are not authorized for use as critical components in life support systems without the written consent of the appropriate officer of Toshiba America, Inc. Life support sys¬ 
tems are either systems intended for surgicai impiant in the body or systems which sustain life. 

A critical component in any component of a iife support system whose failure to perform may cause a malfunction of the life support system, or may affect its safety or effectiveness. 

3. The information in this document has been carefully checked and is believed to be reliable; however no responsibility can be assumed for inaccuracies that may not have been caught. All information in this data book 
is subject to change without prior notice. Furthermore, Toshiba cannot assume responsibility for the use of any license under the patent rights of Toshiba or any third parties. 
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TOSHIBA 


SILICON GATE CMOS 


TC55257DPI/DFI/DFn-70L/-«5L 

PRELIMINARY 



32,768 WORD x 8 BIT STATIC RAM 


Description 

The TC55257DPI is a 262,144 bit static random access memory organized as 32,768 words by 8 bits using CMOS tech¬ 
nology, and operated from a single 5V power supply. Advanced circuit techniques provide both high speed and low power 
features with an operating current of 5mA/MHz (typ.) and a minimum cycle time of 70ns. 

When CE is a logical high, the device is placed in a low power standby mode in which the standby current is 0.3|aA typ¬ 
ically. The TC55257DPI has two control Inputs. Chip Enable (CE) allows for device selection and data retention control, and 
an Output Enable input (OE) provides fast memory access. The TC55257DPI is suitable for use in microprocessor applica¬ 
tion systems where high speed, low power, and battery backup are required. The TC55257DPI is guaranteed over an 
operating temperature range of -40 ~ 85°C so the TC55257DPI is suitable for use in wide operating temperature sys¬ 
tems. 

The TC55257DPI is offered in a standard dual-in-line 28-pin plastic package (0.6 inch width), a small outline plastic 
package, and a thin small outline plastic package (forward type). 


Features 

• Low power dissipation: 27.5mW/MHz (typ.) 

• Standby current: 2\x/\ (max.) at Ta = 25°C 

• 5V single power supply 

• Access time (max.) 



TC55257DPI/DFI/DFTI 

-70L 

-85L 

Access Time 

70ns 

85ns 

CE Access Time 

70ns 

85ns 

OE Access Time 

35ns 

45ns 


• Power down feature: CE 

• Data retention supply voltage: 2.0 ~ 5.5V 


Pin Connection (Top View) 


O 28 PIN DIP & SOP o 28 PIN TSOP (forward type) 
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A4 [ 
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23 

3 All 


A3 [ 

7 

22 

3 OE 


A2 [ 

8 

21 

3 A10 


A1 [ 

9 

20 

3a 


AO [ 

10 

19 

3 1/08 


1/01 [ 

11 

18 

3 1/07 


1/02 [ 

12 

17 

3 1/06 


1/03 C 

13 

16 

3 1/05 


GND [ 

14 

15 

3 1/04 

15 28 


liiiiif 


• Inputs and outputs directly TTL compatible 


® Wide operating temperature: -40 ~ 85°C 


• Package 

Pin Names 


TC55257DPI 

TC55257DFI 

TC55257DFTI 


DIP28-P-600 

SOP28-P-450 

TSOP28-P 


A0~ A14 

Address Inputs 


R/W 

Read/Write Control Input 

OE 

Output Enable Input 

CE 

Chip Enable Input 

1/01 ~ 1/08 

Data Input/Output 

Vdd 

Power (+5V) 

GND 

Ground 

PIN NO. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

PIN NAME 

OE 

A11 

Ag 

As 

Ai3 

R/W 

Q 

Q 

> 

Ai4 

Ai2 

A? 

As 

A5 

A4 

A3 

PIN NO. 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

PIN NAME 

A 2 

A, 

Aq 

1/01 

1/02 

1/03 

GND 

I/04 

I/05 

1/06 

I/07 

1/08 

CE 

A10 
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static RAM 






TC55257DPI/DFI/DFTI-70L/85L 


Static RAM 


SR25020995 


Block Diagram 



Operating Mode 


OPERATION MODE 

CE 

OE 

R/W 

1/01 -1/08 

POWER 

Read 

L 

L 

H 

Dqut 

boo 

Write 

L 

* 

L 

D|n 

boo 

Output Deselect 

L 

H 

H 

High-Z 

boo 

Standby 

H 

* 

* 

High-Z 

bos 


Maximum Ratings 


SYMBOL 

ITEM 

RATING 

Vdd 

Power Supply Voltage 

-0.3 ~ 7.0 

V|N 

Input Voltage 

-0.3* ~ 7.0 

V|/o 

Input and Output Voltage 

-0.5* - Vpp + < 

Pd 

Power Dissipation 

1.0/0.6** 

Tsolder 

Soldering Temperature (10 s) 

260 

Tstrg 

Storage Temperature 

-55*- 150 

Tqpr 

Operating Temperature 

-40 ~ 85 


* -3.0V at pulse width 50ns 
** SOP 
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SR25020995 


Static RAM 


TC55257DPI/DFI/DFTI-70L/85L 


DC Recommended Operating Conditions 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

Vdd 

Power Supply Voltage 

4.5 

5.0 

5.5 

V 

V|H 

Input High Voltage 

2.4 

- 

Vdd + 0-3 

V|L 

Input Low Voltage 

-0.3* 

- 

0.6 

Vdh 

Data Retention Supply Voltage 

2.0 

- 

5.5 


-3.0V at pulse width 50ns 


DC and Operating Characteristics (Ta = -40 ~ 85°C, Vqd = 5V±10%) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

Ili 

Input Leakage Current 

V|N = 0 ~ Vdd 

- 

- 

±1.0 

HA 

■lo 

Output Leakage Current 

CE = V,H or R/W = V,L or OE = V|h 

VoUT = 0 - Vqq 

- 

- 

±1.0 

pA 

•oh 

Output High Current 

Voh = 2.4V 

-1.0 

- 

- 

mA 

•OL 

Output Low Current 

VoL = 0.4V 

4.0 

- 

- 

mA 

•ddoi 

Operating Current 

CE = V,l 

R/W = V,H 

Other Input = V|h/V||_ 
•out = 0mA 

^cycle - 1PS 

- 

10 

- 

mA 

tcycie = Min. cycle 

- 

- 

70 

•dD02 

CE = 0.2V 

R/W = Vdd - 0.2V 
Other Input 
= Vdd - 0.2V/0.2V 
•out = 0mA 

tcycle = 1PS 

- 

5 

- 

‘cycle = Min. cycle 

- 

- 

60 

•ddsi 

Standby Current 

X 

> 

II 

|UJ 

lo 

- 

- 

3 

mA 

■dDS2 

CE = Vdd-0.2V 

Vdd = 2.0V ~ 5.5V 

Ta = -40 ~ 85°C 

- 

- 

30 

HA 

Ta = 25°C 

- 

0.3 

2 

Capacitance* (Ta = 25°C, f = 1 MHz) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MAX. 

UNIT 


C|N 

Input Capacitance 

V|N = GND 

10 

PF 


Cqut 

Output Capacitance 

Vout = GND 

10 


*This parameter is periodically sampled and is not 100% tested. 
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TC55257DPI/DFI/DFTI-70Ly85L 


Static RAM 


SR25020995 


AC Characteristics (Ta = -40 ~ 85°C, Vqd = 5V+10%) 


Read Cycle 




TC55257DPI/DFI/DFTI 


SYMBOL 

PARAMETER 

-70L 

-85L 

UNIT 



MIN. 

MAX. 

MIN. 

MAX. 


^RC 

Read Cycle Time 

70 

- 

85 

- 


Ucc 

Address Access Time 

- 

70 

- 

85 


^CO 

CE Access Time 

- 

70 

- 

85 



Output Enable to Output in Valid 

- 

35 

- 

45 


^COE 

Chip Enable (CE) to Output in Low-Z 

5 

- 

5 

- 

ns 

tOEE 

Output Enable to Output in Low-Z 

0 

- 

0 

- 


^OD 

Chip Enable (CE) to Output in High-Z 

- 

25 

- 

30 


toDO 

Output Enable to Output in High-Z 

- 

25 

- 

30 


toH 

Output Data Hold Time 

10 

- 

10 

- 



Write Cycle 




TC55257DPI/DFI/DFTI 


SYMBOL 

PARAMETER 

-70L 

-85L 

UNIT 



MIN. 

MAX. 

MIN. 

MAX. 


twc 

Write Cycle Time 

70 

- 

85 

- 


twp 

Write Pulse Width 

50 

- 

60 

- 


^cw 

Chip Selection to End of Write 

60 

- 

65 

- 


Us 

Address Setup Time 

0 

- 

0 

- 


twR 

Write Recovery Time 

0 

- 

0 

- 

ns 

^ODW 

R/W to Output in High-Z 

- 

25 

- 

30 


^OEW 

R/W to Output in Low-Z 

0 

- 

0 

- 


Us 

Data Setup Time 

30 

- 

40 

- 


Uh 

Data Hold Time 

0 

- 

0 

- 



AC Test Conditions 


Input Pulse Levels 

2.6V/0.4V 

Input Pulse Rise and Fall Time 

5ns 

Input Timing Measurement Reference Level 

1.5V 

Output Timing Measurement Reference Level 

1.5V 

Output Load 

1 TTL Gate and Ci_ = lOOpF 


A-14 


TOSHIBA AMERICA ELECTROIMIC COMPONENTS, INC. 


PRELIMINARY 





SR25020995 


Static RAM 


TC55257DPI/DFI/DFTI-70I-/85L 


Timing Waveforms 

Read Cycle 




Write Cycle 1 (R/W Controlled Write) 



PRELIMINARY 


TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 


A-15 


Static RAM 


TC55257DPI/DFI/DFTI-70L/85L 


Static RAM 


SR25020995 


Write Cycle 2 ^ (CE Controlled Write) 


twc 



Notes: 

1. RAN is High for read cycle. 

2. Assuming that CE Low transition occurs coincident with or after the RAN low transition, Outputs remain in a high 
impedance state. 

3. Assuming that CE High transition occurs coincident with or prior to the RAN high transition, Outputs remain in a high 
impedance state. 

4. Assuming that OE is High for a write cycle, the Outputs are in a high impedance state during this period. 

5. The I/O may be in the output state during this time; input signals of opposite phase must not be applied. 
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TC55257DPI/DFI/DFTI-70L/85L 


Data Retention Characteristics (Ta = -40 ~ 85°C) 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

Vdh 

Data Retention Supply Voltage 

2.0 

- 

5.5 

V 

IdDS2 

Standby Current 

Vdh = 3.0V 

- 

- 

15* 

HA 

Vdh = 5.5V 

- 

- 

30 

tcDR 

Chip Deselect to Data Retention Mode 

0 

- 

- 

ns 

tR 

Recovery Time 

tRC(1) 

- 

- 


Note (1): Read Cycle Time *2|iA (max.) Ta = 0 ~ 40°C 


CE Controlled Data Retention Mode 




GND 



Note (2): If the V|h of CE is 2.4V in operation, Iqdsi current flows during the period that the Vqd voltage is going down from 4.5V to 2.6V 
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A. Standard 
Static RAM 




TC55257DPI/DFI/DFTI-70L/85L 


Outline Drawing 

DIP28-P-600 



Weight : 4.42g (Typ.) 
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Static RAM 


TC55257DPI/DFI/DFTI-70Ly85L 

















TC55257DPI/DFI/DFTI-70L/85L 


Static RAM 


SR25020995 


Outline Drawing 

TSOP28-P Unit in mm 






Weight : 0.22g (Typ.) 


1. This technical data may be controlled under U.S. Export Administration Regulations and may be subject to the approval of the U.S. Department of Commerce prior to export. Any export or re-export, directly or indi¬ 
rectly, in contravention of the U.S. Export Administration Regulations is strictly prohibited. 

2. LIFE SUPPORT POLICY 

Toshiba products described in this document are not authorized for use as critical components In life support systems without the written consent of the appropriate officer of Toshiba America, Inc. Life support sys¬ 
tems are either systems intended for surgical implant in the body or systems which sustain life. 

A critical component in any component of a life support system whose failure to perform may cause a malfunction of the life support system, or may affect its safety or effectiveness. 

3. The information in this document has been carefully checked and is believed to be reliable: however no responsibility can be assumed for inaccuracies that may not have been caught. All information in this data book 
is subject to change without prior notice. Furthermore, Toshiba cannot assume responsibility for the use of any license under the patent rights of Toshiba or any third parties. 
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TOSHIBA 


SILICON GATE CMOS 

32,768 WORD x 8 BIT STATIC RAM 


TC55257DPI/DFI/DFT[-70V/85V 

PRELIMINARY 



Description 

The TC55257DPI is a 262,144 bit static random access memory organized as 32,768 words by 8 bits using CMOS technol¬ 
ogy, and operated from a single 2.7 ~ 5.5V power supply. Advanced circuit techniques provide both high speed and low 
power features with an operating current of 5mA/MHz (typ.) and a minimum cycle time of 70ns. 

When CE is a logical high, the device is placed in a low power standby mode in which the standby current is O.SjoA typ¬ 
ically. The TC55257DPI has two control Inputs. Chip Enable (CE) allows for device selection and data retention control, while 
an Output Enable input (OE) provides fast memory access. The TC55257DPI is suitable for use in microprocessor applica¬ 
tion systems where high speed, low power, and battery backup are required. The TC55257DPI is guaranteed over an 
operating temperature range of -40 ~ 85°C so the TC55257DPI is suitable for use in wide operating temperature 
systems. 

The TC55257DPI is offered in a standard dual-in-line 28-pin plastic package (0.6 inch width), a small outline plastic 
package, and a thin small outline plastic package (forward type). 


Features 

o Low power dissipation: 27.5mW/MHz (typ.) 

® Standby current: 2 iliA (max.) at Ta = 25°C 

o Single 2.7 ~ 5.5V power supply 
o Access time (max.) 



5V±10% 

2.7- 

5.5V 


-70V 

-85V 

-70V 

-85V 

Access Time 

70ns 

85ns 

120ns 

150ns 

CE Access Time 

70ns 

85ns 

120ns 

150ns 

OE Access Time 

35ns 

45ns 

70ns 

75ns 


® Power down feature: CE 

® Data retention supply voltage: 2.0 ~ 5.5V 

® Inputs and outputs directly TTL compatible 
® Wide operating temperature: -40 ~ 85°C 
• Package TC55257DPI : DIP28-P-600 
TC55257DFI : SOP28-P-450 

TC55257DFTI : TSOP28-P 

Pin Names 


AO-A14 

Address Inputs 

R/W 

Read/Write Control Input 

OE 

Output Enable Input 


Chip Enable Input 

1/01 - 1/08 

Data Input/Output 

Vdd 

Power (+5V) 

GND 

Ground 


^ 28 PIN DIP & SOP o 28 PIN TSOP {forward type) 


A14 [ 

1 

W- 

28 

^ '^00 

■■■I 

A12 [ 

2 

27 

] R/W 

14 1 

A7 C 

3 

26 

]a13 


A6 C 

4 

25 

] A8 


A5 C 

5 

24 

] A9 


A4 C 

6 

23 

] A11 


A3 C 

7 

22 

] OE 


A2 C 

8 

21 

] A10 


A1 C 

9 

20 

la 


AO [ 

10 

19 

1 1/08 


1/01 C 

11 

18 

1 1/07 


1/02 C 

12 

17 

1 1/06 


1/03 [ 

13 

16 

1 1/05 


GND [ 

14 

15 

1 1/04 

15 28 




TSOP Pinout 


PIN NO. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

PIN NAME 

OE 

A11 

A9 

As 

Ai3 

R/W 

Vdd 

Ai4 

Ai2 

A? 

Ae 

As 

A4 

A3 

PIN NO. 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

PIN NAME 

A 2 


Aq 

1/01 

1/02 

1/03 

GND 

I/04 

I/05 

1/06 

1/07 

1/08 

CE 

A10 
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Static RAM 







TC55257DPI/DFI/DFTI-70V/85V 


Static RAM 


SR25031295 


Block Diagram 



Operating Mode 


OPERATION MODE 

CE 

OE 

R/W 

1/01 ~ I/08 

POWER 

Read 

L 

L 

H 

Dqut 

•ddo 

Write 

L 

* 

L 

D|N 

■ddo 

Output Deselect 

L 

H 

H 

High-Z 

boo 

Standby 

H 

* 

* 

High-Z 

bos 


*HorL 


Maximum Ratings 


SYMBOL 

ITEM 

RATING 

UNIT 

Vdd 

Power Supply Voltage 

o 

i 

CO 

o 

V 

V|N 

Input Voltage 

-0.3* ~ 7.0 

V 

V|/o 

Input and Output Voltage 

-0.5* ~ Vpp + 0.5 

V 

Pd 

Power Dissipation 

1.0/0.6** 

w 

Tsolder 

Soldering Temperature (10 s) 

260 

°c 

Tstrg 

Storage Temperature 

-55-150 

°c 

Tqpr 

Operating Temperature 

-40 ~ 85 

°c 


* -3.0V at pulse width 50ns 
** SOP 
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SR25031295 


Static RAM 


TC55257DPI/DFI/DFTI-70V/85V 


DC Recommended Operating Conditions (Ta = -40 ~ 85°C) 


SYMBOL 

PARAMETER 

5V±10% 

2.2 ~ 5.5V 

UNIT 

MIN. 

TYP. 

MAX. 

MIN. 

MIN. 

MAX. 

Vdd 

Power Supply Voltage 

4.5 

- 

5.5 

2.7 

- 

5.5 

V 

V|H 

Input High Voltage 

2.4 

- 

Vdd + 

C\J 

d 

Q 

Q 

> 

- 

Vqd + 0.3 

V|L 

Input Low Voltage 

-0.3* 

- 

0.6 

-0.3* 

- 

0.2 

^DH 

Data Retention Supply Voltage 

2.0 

- 

5.5 

2.0 

” 

5.5 


* -3.0V at pulse width at 50ns Max. 


DC and Operating Characteristics (Ta = -40 - 85°C, Vqq = 5V±10%) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

III 

Input Leakage Current 

V|N = 0 ~ Vqd 

- 

- 

±1.0 

MA 

■lo 

Output Leakage Current 

CE = V,H or R/W = V|L or OE = V,h 

Vqut = 0 ~ VpD 

- 

- 

±1.0 

HA 

Iqh 

Output High Current 

Voh = 2.4V 

-1.0 

- 

- 

mA 

■oL 

Output Low Current 

Vql = 0.4V 

4.0 

- 

- 

mA 

■ddoi 

Operating Current 

CE = Vm R/W = V|H 

Other Input = V|h/V|l 

Iqut = 0mA 

^cycle - 1 

- 

10 

- 

mA 

tcycie = Min. cycle 


- 

70 

'dD02 

CE = 0.2V, R/W = VpD - 0.2V 
Other Input = Vpp - 0.2V/0.2V 
Iqut = 0mA 

^cycle = ^ M'S 

- 

5 

- 

tcycie = Min. cycle 

- 

- 

60 

•ddsi 

Standby Current 

I 
> 

II 
ILU 

b 

- 

- 

3 

mA 

•dDS2 

CE=Vdd-0.2V 

VpD = 2.0V ~ 5.5V 

Ta = -40 - 85°C 

_ 

- 

30 

ma 

Ta = 25°C 

- 

0.3 

2 


DC and Operating Characteristics (Ta = -40 ~ 85°C, Vqd = 3V±10%) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

lu 

Input Leakage Current 

V|N = 0 ~ Vpp 

- 

- 

±1.0 

HA 

■lo 

Output Leakage Current 

CE = V|H or R/W = V|L or OE = V,h, 

^OUT = 0 ~ Vpp 

- 

- 

±1.0 

pA 

■oh 

Output High Current 

Voh=Vdd-2.0V 

-0.1 

- 

- 

mA 

■oL 

Output Low Current 

Vql = 0.2V 

0.1 

- 

- 

mA 

■dD02 

Operating Current 

CE = 0.2V, R/W = Vpp = 2.0V 
Other Input = Vpp - 0.2V/0.2V 
■out = 0mA 

^cycle 

Min. 

- 

- 

20 

mA 

Ips 

- 

- 

5 

■dDS2 

Standby Current 

CE = Vpp-0.2V 

Vpp = 3V± 
10% 

Ta = -40 85°C 

- 

- 

20 

HA 

Ta = 25°C 

- 

1 

1.5 

Vpp = 3.0V 

Ta = -40 ~ 40°C 

- 

- 

2 

Ta = 25°C 

- 

- 

1 

Ta = -40 ~ 85°C 

- 

- 

15 


Capacitance (Ta = 25°C, f = 1MHz) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MAX. 

UNIT 

C|N 

Input Capacitance 

V|N = GND 

10 

pF 

Gout 

Output Capacitance 

Vout = GND 

10 


Note: This parameter is periodically sampled and is not 100% tested. 
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TC55257DPI/DFI/DFTI-70V/85V 


Static RAM 


SR25031295 


AC Characteristics (Ta = -40 ~ 85°C, Vqq = 5V±10%) 

Read Cycle 




TC55257DPI/DFI/DFTI 


SYMBOL 

PARAMETER 

-70V 

-85V 

UNIT 



MIN. 

MAX. 

MIN. 

MAX. 


^RC 

Read Cycle Time 

70 

- 

85 

- 


^ACC 

Address Access Time 

- 

70 

- 

85 


tco 

CE Access Time 

- 

70 

- 

85 


toE 

Output Enable to Output in Valid 

- 

35 

- 

45 


^COE 

Chip Enable to Output in Low-Z 

5 

- 

5 

- 

ns 

tOEE 

Output Enable to Output in Low-Z 

0 

- 

0 

- 


tOD 

Chip Enable to Output in High-Z 

- 

25 

- 

30 


boo 

Output Enable to Output in High-Z 

- 

25 

- 

30 


toH 

Output Data Hold Time 

10 

- 

10 

- 



Write Cycle 




TC55257DPI/DFI/0FTI 


SYMBOL 

PARAMETER 

-70V 

-85V 

UNIT 



MIN. 

MAX. 

MIN. 

MAX. 


twc 

Write Cycle Time 

70 

- 

85 

- 


twp 

Write Pulse Width 

50 

- 

60 

- 


tew 

Chip Selection to End of Write 

60 

- 

65 

- 


tAS 

Address Setup Time 

0 

- 

0 

- 


twR 

Write Recovery Time 

0 

- 

0 

- 

ns 

toDW 

R/W to Output in High-Z 

- 

25 

- 

30 


toEW 

RA/V to Output in Low-Z 

0 

- 

0 

- 


tps 

Data Setup Time 

30 

- 

40 

- 


toH 

Data Hold Time 

0 

- 

0 

- 



AC Test Conditions 


Input Pulse Levels 

2.6V/0.4V 

Input Pulse Rise and Fall Time 

5ns 

Input Timing Measurement Reference Level 

1.5V 

Output Timing Measurement Reference Level 

1.5V 

Output Load 

1 TTL Gate and Cl = 30pF (-55V) 

1 TTL Gate and Cl = tOOpF (-70V, -85V) 
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SR25031295 


Static RAM 


TC55257DPI/DFI/DFTI-70V/85V 


AC Characteristics (Ta = -40 ~ 85°C, Vqq = 2.7 ~ 5.5V) 

Read Cycle 




TC55257DPI/DFI/DFTI 


SYMBOL 

PARAMETER 

-70V 

-85V 

UNIT 



MIN. 

MAX. 

MIN. 

MAX. 


tRC 

Read Cycle Time 

120 

- 

150 

- 


Ucc 

Address Access Time 

- 

120 

- 

150 


tco 

CE Access Time 

- 

120 

- 

150 


bE 

Output Enable to Output in Valid 

- 

70 

- 

75 


tcOE 

Chip Enable to Output in Low-Z 

5 

- 

5 

- 

ns 

toEE 

Output Enable to Output in Low-Z 

0 

- 

0 



toD 

Chip Enable to Output in High-Z 

- 

50 

- 

50 


toDO 

Output Enable to Output in High-Z 

- 

50 

- 

50 


toH 

Output Data Hold Time 

10 

- 

10 

- 




Write Cycle 




TC55257DP1/DFI/DFTI 


SYMBOL 

PARAMETER 

-70V 

-85V 

UNIT 



MIN. 

MAX. 

MIN. 

MAX. 


twc 

Write Cycle Time 

120 

- 

150 

- 


twp 

Write Pulse Width 

80 

- 

100 

- 


tew 

Chip Selection to End of Write 

100 

- 

120 

- 


Us 

Address Setup Time 

0 

- 

0 

- 


twR 

Write Recovery Time 

0 

- 

0 

- 

ns 

toDW 

RA/V to Output in High-Z 

- 

50 

- 

50 


toEW 

R/W to Output in Low-Z 

0 

- 

0 

- 


tos 

Data Setup Time 

50 

- 

60 

- 


tpH 

Data Hold Time 

0 

- 

0 

- 



AC Test Conditions 


Input Pulse Levels 

Vdd - 0.2V/0.2V 

Input Pulse Rise and Fall Time 

5ns 

Input Timing Measurement Reference Level 

1.5V 

Output Timing Measurement Reference Levels 

1.5V 

Output Load 

C[_ = lOOpF (Include Jig) 
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Static RAM 


SR25031295 



SR25031295 


Static RAM 


TC55257DPI/DFI/DFTI-70V/85V 


Write Cycle 2 <'•) (CE Controlled Write) 


twc 



Notes: 

1. RAN is High for read cycle. 

2. Assuming that the CE Low transition occurs coincident with or after the RAN Low transition, Outputs remain in a high 
impedance state. 

3. Assuming that CE High transition occurs coincident with or prior to the RAN High transition, Outputs remain in a high 
impedance state. 

4. Assuming that OE is High for a Write Cycle, Outputs are in a high impedance state during this period. 

5. The I/O may be in the output state during this time, input signals of opposite phase must not be applied. 
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Data Retention Characteristics (Ta = -40 ~ SS'^C) 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

Vdh 

Data Retention Supply Voltage 

2.0 

- 

5.5 

V 

bDS2 

Standby Current 

Vdh = 3.0V 

- 

- 

15* 

HA 

Vdh = 5.5V 

- 

- 

30 

tCDR 

Chip Deselect to Data Retention Mode 

0 

- 

- 

ns 


Recovery Time 

tRC(1) 

- 

- 


Note (1): Read Cycle Time * 2 |jA (max.) Ta = -40 ~ 40°C 

CE Controlied Data Retention Mode 



Note (2): If the V|h of CE is 2.4V in operation, Iddsi current flows during the period that the Vdd voltage is going down from 4.5V to 2.6V. 
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TC55257DPI/DFI/DFTI-70V/85V 


Static RAM 
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Notes 


1. This technical data may be controlled under U.S. Export Administration Regulations and may be subject to the approval of the U.S. Department of Commerce prior to export. Any export or re-export, directly or indi¬ 
rectly, in contravention of the U.S. Export Administration Regulations is strictly prohibited. 

2. LIFE SUPPORT POLICY 

Toshiba products described in this document are not authorized for use as critical components in life support systems without the written consent of the appropriate officer of Toshiba America, Inc. Life support sys¬ 
tems are either systems intended for surgical implant in the body or systems which sustain life. 

A critical component in any component of a life support system whose failure to perform may cause a malfunction of the life support system, or may affect its safety or effectiveness. 

3. The information in this document has been carefully checked and is believed to be reliable; however no responsibility can be assumed for inaccuracies that may not have been caught. All information in this data book 
is subject to change without prior notice. Furthermore, Toshiba cannot assume responsibility for the use of any license under the patent rights of Toshiba or any third parties. 
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TOSHIBA 


SILICON GATE CMOS 


TC 55257 DPL/DEL/DFrL- 55 V/ 70 V/ 85 V 

PRELIMINARY 


32,768 WORD x 8 BIT STATIC RAM 


Description 

The TC55257DPL is a 262,144 bit static random access memory organized as 32,768 words by 8 bits using CMOS tech¬ 
nology, and operated from a single 2.7 ~ 5.5V power supply. Advanced circuit techniques provide both high §peed and low 
power features with an operating current of 5mA/MHz (typ.) and a minimum cycle time of 55ns. 

When CE is a logical high, the device is placed in a low power standby mode in which the standby current is O.SjoA at 
room temperature. The TC55257DPL hasj^o control inputs. Chip Enable (CE) allows for device selection and data reten¬ 
tion control, while an Cutput Enable input (CE) provides fast memory access. The TC55257DPL is suitable for use in micro¬ 
processor application systems where high speed, low power, and battery backup are required. 

The TC55257DPL is offered in a standard dual-in-line 28-pin plastic package (0.6 inch width), a small outline plastic 
package, and a thin small outline plastic package (forward type). 


Features 

® Low power dissipation: 27.5mW/MHz (typ.) 

• Standby current: 2|iA (max.) at Ta = 25°C 

• Single 2.7 ~ 5.5V power supply 

• Access time (max.) 



5V±10% 

2.7 ~ 5.5V 

-55V 

-70V 

-85V 

-55V/70V/85V 

Access 

Time 

70ns 

85ns 

100ns 

150ns 

CE Access 
Time 

70ns 

85ns 

100ns 

150ns 

OE Access 
Time 

35ns 

45ns 

50ns 

75ns 


• Power down feature: CE 

• Data retention supply voltage:2.0 ~ 5.5V 

• Inputs and outputs TTL compatible 

• Package TC55257DPL: DIP28-P-600 

TC55257DFL : SOP28-P-450 
TC55257DFTL : TSOP28-P 


Pin Connection (Top View) 

o 28 PIN DIP & SOP O 28 PIN TSOP (forward type) 


A14 [ 

1 

28 

^ VjjD 

■■iira 

A12 C 

2 

27 

] IVW 

14 1 

A7 C 

3 

26 

] A13 


A6 C 

4 

25 

] A8 


A5 C 

5 

24 

] A9 


A4 d 

6 

23 

] All 


A3[ 

7 

22 

] OE 


A2 [ 

8 

21 

] A10 


A1 [ 

9 

20 

3 CE 


AO C 

10 

19 

] 1/08 


1/01 1 

11 

18 

] 1/07 


1/02 C 

12 

17 

3 1/06 


1/03 [ 

13 

16 

3 1/05 


GND C 

14 

15 

-1 1/04 

15 28 


liiiiiif 


Pin Names 


A0~A14 

Address Inputs 

TSOP Pinout 

R/W 

Read/Write Control Input 

OE 

Output Enable Input 


Chip Enable Input 

1/01 ~ 1/08 

Data Input/Output 

Vdd 

Power 

GND 

Ground 

PIN NO. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

PIN NAME 

OE 

A11 

Ag 

As 

Ai3 

R/W 

Q 

Q 

> 

Ai4 

Ai2 

A7 

Ae 

As 

A4 

As 

PIN NO. 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

PIN NAME 

A 2 

Ai 

Ao 

1/01 

1/02 

1/03 

GND 

I/04 

I/05 

1/06 

1/07 

1/08 


A10 
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Block Diagram 


AllO- 

A12^ 

AI3O 

AI4O 



Operating Mode 


OPERATION MODE 

CE 

OE 

R/W 

1/01 ~ I/08 

POWER 

Read 

L 

L 

H 

Dqut 

■ddo 

Write 

L 

* 

L 

D|N 

•ddo 

Output Deselect 

L 

H 

H 

High-Z 

boo 

Standby 

H 

* 

* 

HIgh-Z 

•dds 


* H or L 


Maximum Ratings 


SYMBOL 

ITEM 

RATING 

UNIT 

Vdd 

Power Supply Voltage 

0 

1 

CO 

d 

1 

V 

V|N 

Input Voltage 

-0.3* ~ 7.0 

V 

V|/o 

Input and Output Voltage 

-0.5* ~ Vdd + 0.5 

V 

Pd 

Power Dissipation 

1.0/0.6** 

W 

Tsolder 

Soldering Temperature (10 s) 

260 

°C 

Tstrg 

Storage Temperature 

-55-150 

°C 

Tqpr 

Operating Temperature 

0-70 

°C 


* -3.0V at pulse width 50ns 
** SOP 
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Static RAM 


TC55257DPLyDFLyDFTL-55V/70V/85V 


DC Recommended Operating Conditions (Ta = 0 ~ 70°C) 


SYMBOL 

PARAMETER 

5V±10% 

2.2 ~ 5.5V 

UNIT 

MIN. 

TYP. 

MAX. 

MIN. 

MIN. 

MAX. 

Q 

Q 

> 

Power Supply Voltage 

4.5 

5.0 

5.5 

2.7 

- 

5.5 

V 

V|H 

Input High Voltage 

2.4 

- 

Vdd + 0-3 

Vdd - 0-2 

- 

Vdd + 0-3 

V|L 

Input Low Voltage 

-0.3* 

- 

0.6 

-0.3* 

- 

0.2 

Vdh 

Data Retention Supply Voltage 

2.0 

- 

5.5 

2.0 

- 

5.5 I 


* -3.0V at pulse width at 50ns Max. 


DC and Operating Characteristics (Ta = 0 ~ 70°C, Vdd = 5V±10%) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

Ili 

Input Leakage Current 

V|N = 0 ~ Vdd 

- 

- 

±1.0 

HA 

•lo 

Output Leakage Current 

CE = V,H or R/W = V,L or ^ = V|h 

Vqut = 0 ~ Vdd 

- 

- 

±1.0 

ha 

•oh 

Output High Current 

Voh = 2.4V 

-1.0 

- 

- 

mA 

•OL 

Output Low Current 

Vql = 0.4V 

4.0 

- 

- 

mA 

booi 

Operating Current 

CE = V|L, R/W = V,H 
Other Input = V|h/V|l 
iouT = 0mA 

bycle - 1 

- 

10 

- 

mA 

tcycie = Min. cycle 

- 

- 

70 

•dD02 

CE = 0.2V 

R/W = Vdd - 0.2V 
Other Input 
= Vdd - 0.2V/0.2V 
•out = 0mA 

bycle = 1 

- 

5 

- 

tcycie = Min. cycle 

- 

- 

60 

•ddsi 

Standby Current 

X 

> 

II 

|UJ 

lo 

- 

- 

3 

mA 

IdDS2 

CE = Vdd-0.2V, 

Vdd = 2.0V ~ 5.5V 

Ta = -40 ~ 85°C 

- 

- 

20 

pA 

Ta = 25°C 

- 

0.3 

2 


DC and Operating Characteristics (Ta = -0 ~ 70°C, VpD = 3V±10%) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

Ili 

Input Leakage Current 

V|N = 0 ~ Vdd 

- 

- 

±1.0 

pA 

bo 

Output Leakage Current 

= V|H or R/W = V,L or OE = V|h, 

VouT = 0 ~ Vdd 

- 

- 

±1.0 

pA 

•oh 

Output High Current 

VoH= Vdd-2.0V 

-0.1 

- 

- 

mA 

•oL 

Output Low Current 

Vql = 0.2V 

0.1 

- 

- 

mA 

■□□02 

Operating Current 

CE = 0.2V 

R/W = Vdd = 2.0V 

Other Input = Vdd “ 0.2V/0.2V 
buT = 0mA 

bycle 

Min. 

- 

- 

20 

mA 

1|IS 

- 

- 

5 

bDS2 

Standby Current 

CE = Vdd- 0.2V 
or CE2 = 0.2V 

Vdd = 3V 
±10% 

Ta = -0 ~ 70X 

- 

- 

15 

|.iA 

Ta = 25°C 

- 

1 

1.5 

Vdd = 3.0V 

Ta = 0 ~ 70°C 

- 

- 

10 

Ta = 0 ~ 40°C 

- 

- 

2 

Ta = 25°C 

- 

- 

1 


Capacitance (Ta = 25°C, f = 1MHz) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MAX. 

UNIT 

C|N 

Input Capacitance 

V,N = GND 

10 

PF 

Cqut 

Output Capacitance 

Vout = GND 

10 


Note: This parameter is periodically sampled and is not 100% tested. 
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AC Characteristics (Ta = 0 ~ 70°C, Vqq = 5V±10%) 

Read Cycle 




TC55257DPL/DFL/DFTL 


SYMBOL 

PARAMETER 

-55V 

-70V 

-85V 

UNIT 



MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 


^RC 

Read Cycle Time 

55 

- 

70 

- 

85 

- 


^ACC 

Address Access Time 

- 

55 

- 

70 

- 

85 


tco 

CE Access Time 

- 

55 

- 

70 

- 

85 


toE 

Output Enable to Output in Valid 

- 

30 


35 

- 

45 


tcOE 

Chip Enable to Output in Low-Z 

10 

- 

10 

- 

10 

- 

ns 

toEE 

Output Enable to Output in Low-Z 

5 

- 

5 

- 

5 

- 


too 

Chip Enable to Output in High-Z 

- 

20 

- 

25 

- 

30 


tODO 

Output Enable to Output in High-Z 

- 

20 

- 

25 

- 

30 


toH 

Output Data Hold Time 

10 

- 

10 

- 

10 

- 


Write Cycle 



TC55257DPL/DFL/DFTL 


SYMBOL 

PARAMETER 

-55V 

-70V 

-85V 

UNIT 



MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 


%c 

Write Cycle Time 

55 

- 

70 

- 

85 

- 


twp 

Write Pulse Width 

45 

- 

50 

- 

60 

- 


tew 

Chip Selection to End of Write 

50 

- 

60 

- 

65 

- 


tAS 

Address Setup Time 

0 

- 

0 

- 

0 

- 


twR 

Write Recovery Time 

0 

- 

0 

- 

0 

- 

ns 

toDW 

RAN to Output in High-Z 

- 

20 

- 

25 

- 

30 


toEW 

RAN to Output in Low-Z 

5 

- 

5 

- 

5 

- 


tos 

Data Setup Time 

25 

- 

30 

- 

40 

- 


tpH 

Data Hold Time 

0 

- 

0 

- 

0 

- 


AC Test Conditions 







Input Pulse Levels 

2.4V/0.6V 


Input Pulse Rise and Fall Time 

5ns 


Input Timing Measurement Reference Level 

1.5V 


Output Timing Measurement Reference Level 

1.5V 


Output Load 

1 TTL Gate and Cl = 30pF (-55V) 

1 TTL Gate and Cl = 1 0OpF (-70V, -85V) 
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AC Characteristics (Ta = 0 - 70°C, = 2.7 - 5.5V) 


Read Cycle 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNIT 

tpc 

Read Cycle Time 

150 

- 

ns 

Ucc 

Address Access Time 

- 

150 

^co 

CE Access Time 

- 

150 

toE 

Output Enable to Output in Valid 

- 

75 

^COE 

Chip Enable CE to Output in Low-Z 

10 

- 

toEE 

Output Enable to Output in Low-Z 

5 

- 

^OD 

Chip Enable CE to Output in High-Z 

- 

50 

toDO 

Output Enable to Output in High-Z 

- 

50 

toH 

Output Data Hold Time 

10 

- 


Write Cycle 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNIT 

twc 

Write Cycle Time 

150 

- 


twp 

Write Pulse Width 

100 

- 


tew 

Chip Selection to End of Write 

120 

- 


tAS 

Address Setup Time 

0 

- 


twR 

Write Recovery Time 

0 

- 

ns 

toDW 

RA/V to Output in High-Z 

- 

50 


toEW 

RAN to Output in Low-Z 

5 

- 


tos 

Data Setup Time 

60 

- 


tpH 

Data Hold Time 

0 

- 



AC Test Conditions 


Input Pulse Levels 

Vdd - 0.2V/0.2V 

Input Pulse Rise and Fall Time 

5ns 

Input Timing Measurement Reference Level 

1.5V 

Output Timing Measurement Reference Level 

1.5V 

Output Load 

Cl = lOOpF (Include Jig) 
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Write Cycle 2 (CE Controlled Write) 


twc 



Notes: 

1. R/W is High for read cycle. 

2. Assuming that CE low transition occurs coincident with or after the R/W Low transition, Outputs remain in a high 
impedance state. 

3. Assuming that CE High transition occurs coincident with or prior to the R/W High transition, Outputs remain in a high 
impedance state. 

4. Assuming that OE is High for a Write Cycle, the Outputs are in a high impedance state during this period. 

5. The I/O may be in the output state during this time; input signals of opposite phase must not be applied. 
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Data Retention Characteristics (Ta = 0 ~ 70°C) 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

Vdh 

Data Retention Supply Voltage 

2.0 

- 

5.5 

V 

IdDS2 

Standby Current 

Vdh = 3.0V 

- 

- 

10* 

^lA 

Vdh = 5.5V 

- 

- 

20 

tcDR 

Chip Deselect to Data Retention Mode 

0 

- 

- 

ns 

tR 

Recovery Time 

tRC(1) 

- 

- 


Note (1): Read Cycle Time *2 |jA (max.) Ta = 0 ~ 40°C 

^ Controlled Data Retention Mode 



Note (2): If the V|h of CE is 2.2V in operation, Idqsi current flows during the period that the Vqd voltage is going down from 4.5V to 2.4V. 
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Notes 


1. This technical data may be controlled under U.S. Export Administration Regulations and may be subject to the approval of the U.S. Department of Commerce prior to export. Any export or re-export, directly or indi¬ 
rectly, in contravention of the U.S. Export Administration Regulations is strictly prohibited. 

2. LIFE SUPPORT POLICY 

Toshiba products described in this document are not authorized for use as critical components in life support systems without the written consent of the appropriate officer of Toshiba America, Inc. Life support sys¬ 
tems are either systems intended for surgical implant in the body or systems which sustain life. 

A critical component in any component of a life support system whose failure to perform may cause a malfunction of the life support system, or may affect its safety or effectiveness. 

3. The information in this document has been carefully checked and is believed to be reliable; however no responsibility can be assumed for inaccuracies that may not have been caught. Ail information in this data book 
is subject to change without prior notice. Furthermore, Toshiba cannot assume responsibility for the use of any license under the patent rights of Toshiba or any third parties. 
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TOSHIBA 


SILICON GATE CMOS 

131,072 WORD X 8 BIT STATIC RAM 


TC551001BPL/BFL/BFTL/BTRL-70/85 



Description 

The TC551001BPL is a 1,048,576 bit static random access memory organized as 131,072 words by 8 bits using CMOS 
technology, and operated from a single 5V power supply. Advanced circuit techniques provide both hig h spe ed and low 
power features with an operating current of 5mA/MHz (typ.) and a minimum cycle time of 70ns. When CE1 is a logical high, 
or CE2 is low, the device is placed in a low power standby mode in which the standby current is 2)iA typically. The 
TC551001 BPL has three control inputs. Chip Enable inputs (CE1, CE2) allow for device selection and data retention control, 
while an Output Enable input (OE) provides fast memory access. The TC551001 BPL is suitable for use in microprocessor 
application systems where high speed, low power, and battery backup are required. 

The TC551001 BPL is offered in a standard dual-in-line 32-pin plastic package, a small outline plastic package, and a 
thin small outline plastic package (forward, reverse type). 

Features Pin Connection (Top View) 


o Low power dissipation: 27.5mW/MHz (typ.) 
® Standby current: 10OjoA (max.) 

o 5V single power supply 
• Access time (max.) 



TC551001BPL/BFL/BFTL/BTRL 

-70 

-85 

Access Time 

70ns 

85ns 

CEl Access Time 

70ns 

85ns 

CE2 Access Time 

70ns 

85ns 

OE Access Time 

35ns 

45ns 


® Power down feature: CE1, CE2 

» Data retention supply voltage: 2.0 ~ 5.5V 

® Inputs and outputs TTL compatible 


O 32 PIN DIP & SOP 



Vqd 

A15 

CE2 

fVW 

A13 

A8 

A9 

OE 

A10 

CEl 

/08 

/07 

/06 

/05 

/04 


® Package 


TC551001BPL 


D1P32-P-600 


TC551001BFL 

TC551001BFTL 

TC551001BTRL 


SOP32-P-525 

TSOP32-P-0820 

TSOP32-P-0820A 


Pin Names 


o 32 PIN TSOP 

(forward type) 

,■■■, 

hi 


lililuiuuuF 


A0~ A16 

Address Inputs 

TSOP Pinout 

R/W 

Read/Write Control Input 

OE 

Output Enable Input 

GET, CE2 

Chip Enable Inputs 

I/01 ~ 1/08 

Data Input/Output 

Vdd 

Power (+5V) 

GND 

Ground 

NC 

No Connection 

PIN NO. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

PIN NAME 

All 

Ag 

As 

Ais 

R/W 

CE2 

Ai5 

Q 

Q 

> 

NC 

Ai6 

Ai4 

Ai2 

Ay 

As 

As 

A4 

PIN NO. 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

PIN NAME 

As 

Ag 

Ai 

Aq 

I/01 

1/02 

1/03 

GND 

1/04 

1/05 

1/06 

1/07 

1/08 

GET 

Aio 

OE 


TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 


A-45 


Static RAM 







TC551001 BPL/BFl_/BFTLyBTRL-70/85 


Static RAM 


SR01010795 


Block Diagram 


CE 



Operating Mode 


OPERATION MODE 

CE1 

CE2 

OE 

R/W 

oo 

o 

o 

POWER 

Read 

L 

H 

L 

H 

Dqut 

boo 

Write 

L 

H 

* 

L 

D|n 

Iddo 

Output Deselect 

L 

H 

H 

H 

High-Z 

>DDO 

Standby 

H 

* 

* 

* 

High-Z 

•dds 

* 

L 

* 

* 

High-Z 

■dds 


*HorL 


Maximum Ratings 


SYMBOL 

ITEM 

RATING 

UNIT 

VdD 

Power Supply Voltage 

-0.3 ~ 7.0 

V 

V|N 

Input Voltage 

-0.3* ~ 7.0 

V 

V|/o 

Input and Output Voltage 

-0.5 ~ VpQ + 0.5 

V 

Pd 

Power Dissipation 

1.0/0.6** 

w 

Tsolder 

Soldering Temperature (10 s) 

260 

°c 

Tstrg 

Storage Temperature 

-55-150 

°c 

Tqpr 

Operating Temperature 

o 

i 

o 

°c 


* -3.0V at pulse width 50ns Max. 
** SOP 


A-46 


TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 

































SR01010795 


Static RAM 


TC551001 BPL/BFLyBFTL7BTRL-70/85 


DC Recommended Operating Conditions (Ta = 0 ~ 70°C) 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

Vdd 

Power Supply Voltage 

4.5 

5.0 

5.5 

V 

V|H 

Input High Voltage 

2.2 

- 

Vdd + 0.3 

V|L 

Input Low Voltage 

-0.3* 

- 

0.8 

Vdh 

Data Retention Supply Voltage 

2.0 

- 

5.5 


* -3.0V with a pulse width of 50ns 


DC and Operating Characteristics (Ta = 0 ~ 70°C, Vqd = 5V±10%) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

Ili 

Input Leakage Current 

V|N = 0 ~ Vdd 

- 

- 

±1.0 

HA 

■lo 

Output Leakage Current 

CET = V|H or CE2 = V|l or R/W = V,l or 

OE = V|H_ Vqut = 0 ~ Vqq 

- 

- 

±1.0 

HA 

Iqh 

Output High Current 

Voh = 2.4V 

-1.0 

- 

- 

mA 

■oL 

Output Low Current 

VoL = 0.4V 

4.0 


- 

mA 

■ddoi 

Operating Current 

CE1 =V,LandCE2 =V,h 
and R/W = V,h, 

Iqlit = 0mA 

Other Inputs = V|h/V|l 

^cycle 

Min. 

- 

- 

70 

mA 

1|IS 

- 


20 

'dD02 

CET = 0.2V and 

CE2 = Vdd - 0.2V 

R/W = Vdd-0.2V 

Iqut = 0mA 

Other Inputs 
= Vdd - 0.2V/0.2V 

tcycle 

Min. 

- 

- 

60 

1|IS 

- 

- 

10 

■ddsi 

Standby Current 

CE1 = V|f.^ or CE2 = V||_ 

- 

- 

3 

mA 

1 (1) 
IdDS2 

CET = Vdd - 0.2V or CE2 = 0.2V 

Vdd = 2.0V - 5.5V. Ta = 0 ~ 70°C 


2 

100 

|iA 


Note (1): In standby mode with CE1 >Vdq - 0 .2V, these specification limits are guaranteed under the condition CE2 > Vqq - 0.2V or CE2 < 0.2V. 

Capacitance* (Ta = 25°C, f = 1 MHz) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MAX. 

UNIT 

C|N 

Input Capacitance 

V|n = GND 

10 

PF 

^OUT 

Output Capacitance 

Vout = GND 

10 


*This parameter is periodically sampled and is not 100% tested. 
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AC Characteristics (Ta = 0 ~ 70°C, Vqd = 5V±10%) 


Read Cycle 
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SYMBOL 

PARAMETER 

-70 

-85 

UNIT 



MIN. 

MAX. 

MIN. 

MAX. 


tRC 

Read Cycle Time 

70 

- 

85 

- 


Ucc 

Address Access Time 

- 

70 

- 

85 


tcoi 

CE1 Access Time 

- 

70 

- 

85 


tc02 

CE2 Access Time 

- 

70 

- 

85 


tOE 

Output Enable to Output in Valid 

- 

35 

- 

45 

ns 

tcOE 

Chip Enable (CE1, CE2) to Output in Low-Z 

10 

- 

10 

- 

bEE 

Output Enable to Output in Low-Z 

5 

- 

5 

- 


^OD 

Chip Enable (GET, CE2) to Output in High-Z 

- 

25 

- 

30 


toDO 

Output Enable to Output in High-Z 

- 

25 

- 

30 


toH 

Output Data Hold Time 

10 

- 

10 

- 



Write Cycle 
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SYMBOL 

PARAMETER 

-70 

-85 

UNIT 



MIN. 

MAX. 

MIN. 

MAX. 


^wc 

Write Cycle Time 

70 

- 

85 

- 


twp 

Write Pulse Width 

50 

- 

60 

- 


^cw 

Chip Selection to End of Write 

60 

- 

75 

- 


Us 

Address Setup Time 

0 

- 

0 

- 


twR 

Write Recovery Time 

0 

- 

0 

- 

ns 

bow 

R/W to Output in High-Z 

- 

25 

- 

30 


toEW 

R/W to Output in Low-Z 

5 

- 

5 

- 


hs 

Data Setup Time 

30 

- 

35 

- 


tpH 

Data Hold Time 

0 

- 

0 

- 



AC Test Conditions 


Input Pulse Levels 

2.4V/0.6V 

Input Pulse Rise and Fall Time 

5ns 

Input Timing Measurement Reference Level 

1.5V 

Output Timing Measurement Reference Level 

1.5V 

Output Load 

1 TTL Gate and C|_ = 10OpF 
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Timing Waveforms 

Read Cycle 



Write Cycle 1 (R/W Controlled Write) 
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Write Cycle 2 (CE1 Controlled Write) 



Write Cycle 3 (CE2 Controlled Write) 


ADDRESSES 


fVW 


CE2 


cn 


DquT 


Din 




I 
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Notes: 

1. RAA/ is High for Read Cycle. 

2. Assuming that CE1 Low transition or CE2 High transition occurs coincident with or after the RAA/ Low transition, Out¬ 
puts remain in a high impedance state. 

3. Assuming that CE1 High transition or CE2 Low transition occurs coincident with or prior to the RAA/ High transition, 
Outputs remain in a high impedance state. 

4. Assuming that OE is High for a Write Cycle, Outputs are in a high impedance state during this period. 

5. The I/O may be in the output state during this time, input signals of opposite phase must not be applied. 
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Data Retention Characteristics (Ta = 0 ~ 70°C) 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

Vdh 

Data Retention Supply Voltage 

2.0 

- 

5.5 

V 

IdDS2 

Standby Current 

Vdd = 3.0V 

- 

- 

50 

hA 

Vdd = 5.5V 

- 

- 

100 

^CDR 

Chip Deselect to Data Retention Mode 

0 

- 

- 

ns 


Recovery Time 

5 

- 

- 

ms 


CE1 Controlled Data Retention Mode 



GND - 

CE2 Controlled Data Retention Mode 



GND - 

Notes: 

1. In the CE1 controlled data retention mode, minimum standby current is achieved under the condition of CE2 < 0.2V or 
CE2 > Vdd - 0.2V. 

2. If the V||_| of CE1 is 2.2V in operation, during the period that the Vqd voltage is going down from 4.5V to 2.4V, I^dsi 
current flows. 

3. In the CE2 controlled data retention mode, minimum standby current is achieved under the condition of CE2 < 0.2V. 
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Outline Drawing 

TSOP32-P-0820A Unit in mm 



A 





I 

o 


0.5±0.1 


Weight : 0.34 g (Typ.) 


1. This technical data may be controlled under U.S. Export Administration Regulations and may be subject to the approval of the U.S. Department of Commerce prior to export. Any export or re-export, directly or Indi¬ 
rectly, In contravention of the U.S. Export Administration Regulations is strictly prohibited. 

2. LIFE SUPPORT POLICY 

Toshiba products described in this document are not authorized for use as critical components in life support systems without the written consent of the appropriate officer of Toshiba America, Inc. Life support sys¬ 
tems are either systems intended for surgical implant in the body or systems which sustain life. 

A critical component in any component of a life support system whose failure to perform may cause a malfunction of the life support system, or may affect its safety or effectiveness. 

3. The information in this document has been carefully checked and is believed to be reliable: however no responsibility can be assumed for inaccuracies that may not have been caught. All information in this data book 
is subject to change without prior notice. Furthermore, Toshiba cannot assume responsibility for the use of any license under the patent rights of Toshiba or any third parties. 
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Description 

The TC551001BPL is a 1,048,576 bits static random access memory organized as 131,072 words by 8 bits using CMOS 
technology, and operated from a single 5V power supply. Advanced circuit techniques provide both h igh speed and low power 
features with an operating current of 5mA/MHz (typ.) and a minimum cycle time of 70ns. When CE1 is a logical high, or CE2 is 
low, the device is placed in a low power stand by mode in which the standby current is 2\iA typically. The TC551001 BPL has 
three control inputs. Chip Enable inputs (CE1, CE2) allow for device selection and data retention control, while an Output 
Enable input (OE) provides fast memory access. The TC551001 BPL is suitable for use in microprocessor application sys¬ 
tems where high speed, low power, and battery backup are required. 

The TC551001 BPL is offered in a standard dual-in-line 32-pin plastic package, a small outline plastic package, and a 
thin small outline plastic package (forward, reverse type). 


Features 


Pin Connection (Top View) 


• Low power dissipation: 27.5mW/MHz (typ.) 

• Standby current: 4[iA (max.) at Ta = 25°( 

• 5V single power supply 

• Access time (max.) 



TC551001BPL/BFL/BFTL/BTRL 

-70L 

-85L 

Access Time 

70ns 

85ns 

GET Access Time 

70ns 

85ns 

CE2 Access Time 

70ns 

85ns 

OE Access Time 

35ns 

45ns 


O 32 PIN DIP & SOP 


N.cX 1 
AieC 2 
A14CI 3 
A12C 4 
A7 C 5 
A6 C 6 
A5 C 7 
A4 C 8 
A3 C 9 
A2 C 10 
A1 C 11 
AO C 
l/OC 13 
1/02C 14 
I/03C 15 
GNDEI 16 


12 


□ 
□ 
□ 
□ 
□ 
□ 
□ 
□ 
□ 
□ 
□ 
21 □ 
20 3 
19 □ 
18 □ 
17 □ 


Vdd 

A15 

CE2 

R/W 

A13 

A8 

A9 

All 

OE 

A10 

m 

1/08 

1/07 

1/06 

1/05 

1/04 


o 32 PIN TSOP 


(forward type) 




• Power down feature: CE1, CE2 


• Data retention supply voltage: 2.0 ~ 5.5V 

• Inputs and outputs directly TTL compatible 

• Package TC551001BPL : DIP32-P-600 


Pin Names 


TC551001BFL 

TC551001BFTL 

TC551001BTRL 


SOP32-P-525 

TSOP32-P-0820 

TSOP32-P-0820A 


A0~ A16 

Address Inputs 

TSOP Pinout 

R/W 

Read/Write Gontrol Input 

OE 

Output Enable Input 

GET, GE2 

Ghip Enable Inputs 

1/01 ~ I/08 

Data Input/Output 

Vdd 

Power (+5V) 

GND 

Ground 

N.G. 

No Gonnection 

PIN NO. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

PIN NAME 

Aii 

Ag 

As 

Ai3 

R/W 

GE2 

Ai5 

Q 

Q 

> 

NG 

Ai6 

Ai4 

Ai2 

A 7 

As 

A 5 

A 4 

PIN NO. 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

PIN NAME 

As 

A 2 

Ai 

Ao 

I/01 

1/02 

I/03 

GND 

I/04 

I/05 

1/06 

I/07 

1/08 

GET 

A 10 

OE 
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Block Diagram 


CE 



Operating Mode 


OPERATION MODE 

CE1 

CE2 

OE 

R/W 

1/01 ~ I/08 

POWER 

Read 

L 

H 

L 

H 

Dqut 

boo 

Write 

L 

H 

* 

L 

D|N 

■ddo 

Output Deselect 

L 

H 

H 

H 

High-Z 

■ddo 

Standby 

H 

* 

* 

* 

High-Z 

■dds 

* 

L 

* 

* 

High-Z 

•dds 


*HorL 


Maximum Ratings 


SYMBOL 

ITEM 

RATING 

UNIT 

Vdd 

Power Supply Voltage 

-0.3 ~ 7.0 

V 

V|N 

Input Voltage 

o 

i 

CO 

o 

V 

V|/o 

Input and Output Voltage 

-0.5 - Vdd + 0.5 

V 

Pd 

Power Dissipation 

1.0/0.6** 

w 

Tsolder 

Soldering Temperature (10s) 

260 

°c 

Tstrg 

Storage Temperature 

-55-150 

°c 

Topr 

Operating Temperature 

o 

o 

°c 


* -3.0V at pulse width of 50ns Max 
** SOP 
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DC Recommended Operating Conditions 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

Vdd 

Power Supply Voltage 

4.5 

5.0 

5.5 

V 

V|H 

Input High Voltage 

2.2 

- 

Vdd + 0-3 

V|L 

Input Low Voltage 

-0.3* 

- 

0.8 

Vdh 

Data Retention Supply Voltage 

2.0 

- 

5.5 


* -3.0V at pulse width of 50ns Max. 


DC and Operating Characteristics (Ta = 0 ~ 70°C, Vqd = 5V±10%) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

III 

Input Leakage Current 

V|N = 0 ~ Vqd 

- 

- 

+1.0 

HA 

•lo 

Output Leakage Current 

CET = V|H or CE2 = V,l or R/W = V|l or 

OE = V|H, VouT = 0 ~ Vqd 

- 

- 

+1.0 

liA 

•oh 

Output High Current 

Voh = 2.4V 

-1.0 

- 

- 

mA 

•OL 

Output Low Current 

Vql = 0.4V 

4.0 

- 

- 

mA 

•ddoi 

Operating Current 

CE1 =V,LandCE2 =V,h 
and R/W = V,h, 

•out = 0mA 

Other Inputs = V|hA/|l 

^cycle 

Min. 

- 

- 

70 

mA 

1|XS 

- 

- 

20 

■dD02 

CET = 0.2V and 

CE2 = Vqd - 0.2V 

R/W = Vqd-0.2V 
•out = 0mA 

Other Inputs 
= Vdd-0.2V/0.2V 

tcycle 

Min. 

- 

- 

60 

1|IS 

- 

- 

10 

•ddsi 

Standby Current 

CE1 =V,H orCE2 = V|L 

- 

- 

3 

mA 

•dDS2^^^ 

CE1 = Vqd- 0.2V or 

CE2 = 0.2V 

Vqd = 2.0V ~ 5.5V 

Ta = 0 ~ 70°C 

- 

- 

30 

HA 

Ta = 25°C 

- 

2 

4 


Note: (1) In standby mode with CE1 > Vqd - 0.2V, these specification limits are guaranteed under the condition of CE2 > Vqd - 0.2V or CE2 < 0.2V. 

Capacitance (Ta = 25°C, f = 1MHz) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MAX. 

UNIT 

C|N 

Input Capacitance 

V,N = GND 

10 

PF 

Gout 

Output Capacitance 

Vout = GND 

10 


Note: This parameter is periodically sampled and Is not 100% tested. 
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AC Characteristics (Ta = 0 ~ 70°C, Vqd = 5V±10%) 


Read Cycle 




TC551001BPL/BFL/BFTL/BTRL 


SYMBOL 

PARAMETER 

-70L 

-85L 

UNIT 



MIN. 

MAX. 

MIN. 

MAX. 


tRC 

Read Cycle Time 

70 

- 

85 

- 


Ucc 

Address Access Time 

- 

70 

- 

85 


tcoi 

CE1 Access Time 

- 

70 

- 

85 


tC02 

CE2 Access Time 

- 

70 

- 

85 


tOE 

Output Enable to Output in Valid 

- 

35 

- 

45 


^COE 

Chip Enable (GET, CE2) to Output in Low-Z 

10 

- 

10 

- 


toEE 

Output Enable to Output in Low-Z 

5 

- 

5 

- 


bo 

Chip Enable (GET, CE2) to Output in High-Z 

- 

25 

- 

30 


boo 

Output Enable to Output in High-Z 

- 

25 

- 

30 


bh 

Output Data Hold Time 

10 

- 

10 




Write Cycle 
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SYMBOL 

PARAMETER 

-70L 

-85L 

UNIT 



MIN. 

MAX. 

MIN. 

MAX. 


Wc 

Write Cycle Time 

70 

- 

85 

- 


twp 

Write Pulse Width 

50 

- 

60 

- 


bw 

Chip Selection to End of Write 

60 

- 

75 

- 


Us 

Address Setup Time 

0 

- 

0 

- 


twR 

Write Recovery Time 

0 

- 

0 

- 

ns 

bow 

RA/V to Output in High-Z 

- 

25 

- 

30 


bEW 

RA/V to Output in Low-Z 

5 

- 

5 

- 


bs 

Data Setup Time 

30 

- 

35 

- 


bh 

Data Hold Time 

0 

- 

0 

- 



AC Test Conditions 


Input Pulse Levels 

2.4V/0.6V 

Input Pulse Rise and Fall Time 

5ns 

Input Timing Measurement Reference Level 

1.5V 

Output Timing Measurement Reference Level 

1.5V 

Output Load 

1 TTL Gate and Cl = 10OpF 
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Timing Waveforms 

Read Cycle 


ADDRESSES 


CE2 


CEl 


OE 


Dqut 


^RC 




Write Cycle 1 (R/W Controlled Write) 
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Write Cycle 2 (CE1 Controlled Write) 



Write Cycle 3 (CE2 Controlled Write) 
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Notes: 

1. RAA/ is High for Read Cycle. 

2. Assuming that CE1 Low transition or CE2 High transition occurs coincident with or after the RAA/ low transition, Out¬ 
puts remain in a high impedance state. 

3. Assuming that CE1 High transition or CE2 Low transition occurs coincident with or prior to the RAA/ high transition, 
Outputs remain in a high impedance state. 

4. Assuming that OE is High for a Write Cycle, Outputs are in a high impedance state during this period. 

5. The I/O may be in the output state during this time, input signals of opposite phase must not be applied. 


C 

<cs 

m 

< 


TOSHIBA AMERICA ELECTRONIC COMPOIMEIMT5, IIMC. 


A-63 


static RAM 


TC551001 BPL/BFLyBFTL/BTRL-70l-/85L 


Static RAM 


SR01020795 


Data Retention Characteristics (Ta = 0 ~ 70°C) 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

Vdh 

Data Retention Supply Voltage 

2.0 

- 

5.5 

V 

IdDS2 

Standby Current 

Vdd = 3.0V 

- 

- 

15* 

tiA 

Vdd = 5.5V 

- 

- 

30 

tcDR 

Chip Deselect to Data Retention Mode 

0 

- 

- 

ns 


Recovery Time 

5 

- 

- 

ms 


*3|aA (max.) Ta = 0 ~ 40°C 

CE1 Controlled Data Retention Mode 



GND 


CE2 Controlled Data Retention Mode 



GND 


Notes: 

1. In the CE1 controlled data retention mode, minimum standby current is achieved under the condition CE2 < 0.2V or 
CE2 > Vdd - 0.2V. 

2. If the V|H of CE1 is 2.2V in operation, during the period that the Vqq voltage is going down from 4.5V to 2.4V, Iqqsi 
current flows. 

3. In the CE2 controlled data retention mode, minimum standby current is achieved under the condition CE2 < 0.2V. 
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Outline Drawing 

TSOP32-P-0820A Unit in mm 









Weight : 0.34 g (Typ.) 


1. This technical data may be controlled under U.S. Export Administration Regulations and may be subject to the approval of the U.S. Department of Commerce prior to export. Any export or re-export, directly or indi¬ 
rectly, in contravention of the U.S. Export Administration Regulations is strictly prohibited. 

2. LIFE SUPPORT POLICY 

Toshiba products described in this document are not authorized for use as critical components in life support systems without the written consent of the appropriate officer of Toshiba America, Inc. Life support sys¬ 
tems are either systems intended for surgical implant in the body or systems which sustain life. 

A critical component in any component of a life support system whose failure to perform may cause a malfunction of the life support system, or may affect its safety or effectiveness. 

3. The information in this document has been carefully checked and is believed to be reliable: however no responsibility can be assumed for inaccuracies that may not have been caught. All information in this data book 
is subject to change without prior notice. Furthermore, Toshiba cannot assume responsibility for the use of any license under the patent rights of Toshiba or any third parties. 
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Description 

The TC551001BPL is a 1,048,576 bits static random access memory organized as 131,072 words by 8 bits using CMOS 
technology, and operated from a single 5V power supply. Advanced circuit techniques provide both h igh speed and low power 
features with an operating current of 5mA/MHz (typ.) and a minimum cycle time of 85ns. When CE1 is a logical high, or CE2 is 
low, the device is placed in a low power stand by mode in which the standby current is 2|iA typically The TC551001 BPL has 
three control inputs. Chip Enable inputs (CE1, CE2) allow for device selection and data retention control, while an Output 
Enable input (OE) provides fast memory access. The TC551001 BPL is suitable for use in microprocessor application sys¬ 
tems where high speed, low power, and battery backup are required. The TC551001BPI guarantees -40 ~ 85°C operating 
temperature so TC551001 BPI is suitable for use in wide operating temperature system. 

The TC551001 BPL is offered in a standard dual-in-line 32-pin plastic package, a small outline plastic package, and a 
thin small outline plastic package (forward, reverse type). 

Features Pin Connection (Top View) 


o Low power dissipation: 


27.5mW/MHz (typ.) 


O 32 PIN DIP & SOP 


® Standby current: 200|uA (max.) 

o 5V single power supply 
o Access time (max.) 



TC551001BPI/BFI/BFTI/BTRI 

-85 

-10 

Access Time 

85ns 

100ns 

GET Access Time 

85ns 

100ns 

CE2 Access Time 

85ns 

100ns 

OE Access Time 
_ 1 

45ns 

50ns 


N.CX 1 
A16C 2 
AUC 3 
AI 2 C 4 
A7 C 5 
A6 C 6 
AS C 7 
A4 C 8 
A3 C 9 
A2 C 10 
A1 C 11 
AO C 12 
I/O 1 C 13 
I/O 2 C 14 
I/O 3 C 15 
GNOC 16 


32 □ 
31 □ 
30 □ 
29 3 
28 □ 
27 3 
26 3 
25 3 

24 1 
23 □ 
22 □ 
21 □ 
20 □ 
19 3 
18 3 

17 □ 


Vqo 

A15 

CE2 

R/W 

A13 

A8 

A9 

All 

Uf 

A10 

zn 

1/08 

1/07 

1/06 

I/OS 

1/04 


o 32 PIN TSOP 


(forward type) 

miiinninnn_ 





(reverse type) 

.miilM, 

h 16 



® Power down feature: CE1, CE2 

o Data retention supply voltage: 2.0 ~ 5.5V 
o Inputs and outputs directly TTL compatible 


o Wide operating temperature: -40 ~ 85°C 


o Package 


Pin Names 


TC551001BPI 

TC551001BFI 

TC551001BFTI 

TC551001BTRI 


DIP32-P-600 

SOP32-P-525 

TSOP32-P-0820 

TSOP32-P-0820A 


A0~A16 

Address Inputs 

TSOP Pinout 

R/W 

Read/Write Gontrol Input 

OE 

Output Enable Input 

GET, GE2 

Ghip Enable Inputs 

1/01 ~ 1/08 

Data Input/Output 

Q 

Q 

> 

Power (+5V) 

GND 

Ground 

N.G. 

No Gonnection 

PIN NO. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

PIN NAME 

All 

A 9 

As 

Ai3 

R/W 

GE2 

Ai5 

Q 

Q 

> 

NG 

Ai6 

Ai4 

Ai2 

Ay 

As 

A 5 

A 4 

PIN NO. 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

PIN NAME 

A 3 

A 2 

Ai 

Aq 

1/01 

1/02 

I/03 

GND 

I/04 

1/05 

1/06 

I/07 

1/08 

GET 

A 10 

OE 
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Block Diagram 


CE 



Operating Mode 


OPERATION MODE 

CE1 

CE2 

OE 

R/W 

1/01 ~ 1/08 

POWER 

Read 

L 

H 

L 

H 

Dqut 

■ddo 

Write 

L 

H 

* 

L 

D|N 

boo 

Output Deselect 

L 

H 

H 

H 

High-Z 

■ddo 

Standby 

H 

* 

* 

* 

High-Z 

bos 

* 

L 

* 

* 

High-Z 

bos 


*HorL 


Maximum Ratings 


SYMBOL 

ITEM 

RATING 

UNIT 

Vdd 

Power Supply Voltage 

-0.3 7.0 

V 

V|N 

Input Voltage 

-0.3* ~ 7.0 

V 

V|/o 

Input and Output Voltage 

-0.5 ~ VpQ -1- 0.5 

V 

Pd 

Power Dissipation 

1.0/0.6** 

w 

^SOLDER 

Soldering Temperature (10s) 

260 

°c 

Tstrg 

Storage Temperature 

-55-150 


Tqpr 

Operating Temperature 

-40 ~ 85 

°c 


* -3.0V at pulse width 50ns Max. 
** SOP 
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DC Recommended Operating Conditions (Ta = -40 ~ 85°C) 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

Vdd 

Power Supply Voltage 

4.5 

5.0 

5.5 

V 

V|H 

Input High Voltage 

2.4 

- 

^DD + 

V|L 

Input Low Voltage 

-0.3* 

- 

0.6 

Vdh 

Data Retention Supply Voltage 

2.0 

- 

5.5 


* -3.0V at pulse width 50ns Max. 


DC and Operating Characteristics (Ta = -40 ~ 85°C, Vqd = 5V±10%) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

Ili 

Input Leakage Current 

V|N = 0 ~ VpD 

- 

- 

±1.0 

hA 

■lo 

Output Leakage Current 

GET = V|H or CE2 = V|l or R/W = V|l or 

OE = V|H, Vqut = 0 ~ Vdd 


- 

±1.0 

HA 

■oh 

Output High Current 

VoH = 2.4V 

-1.0 

- 

- 

mA 

■OL 

Output Low Current 

VoL = 0.4V 

4.0 

_ 

- 

mA 

■ddoi 

Operating Current 

CE1 =V|LandCE2 =V,h 
and rA/V = V|H, 

■out = 0mA 

Other Inputs = V|hA/||_ 

^cycle 

Min. 

- 

- 

70 

mA 

Ips 

- 

- 

20 

•dD02 

CET = 0.2V and 
CE2 =Vdd-0.2V 

R/W = Vdd - 0.2V 
■out = 0mA 

Other Inputs 
= Vdd-0.2V/0.2V 

i^cycle 

Min. 

- 

- 

60 

Ips 


- 

10 

■ddsi 

Standby Current 

CE1 =V|H orCE2=V|L 

- 

- 

3 

mA 

1 0) 
'dDS2 

CET = Vdd - 0.2V or CE2 = 0.2V 

Vdd = 2.0V - 5.5V, Ta = -40 ~ 85°C 

- 

2 

200 

HA 


Note: (1) In standby mode with CE1 > V^d - 0.2V, these specification limits are guaranteed under the condition of CE2 > Vqd - 0.2V or CE2 < 0.2V. 

Capacitance (Ta = 25°C, f = 1MHz) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MAX. 

UNIT 

C|N 

Input Capacitance 

V|N = GND 

10 

PF 

CoUT 

Output Capacitance 

VoUT=^^*^^0 

10 


Note: This parameter is periodically sampled and is not 100% tested. 
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Static RAM 


SR01030994 


AC Characteristics (Ta = -40 ~ 85°C, Vqq = 5V±10%) 


Read Cycle 




TC551001BPI/BFI/BFTI/BTRI 


SYWIBOL 

PARAMETER 

-85 

-10 

UNIT 



MIN. 

MAX. 

MIN. 

MAX. 


tRC 

Read Cycle Time 

85 

- 

100 

- 


Ucc 

Address Access Time 

- 

85 

- 

100 


tcoi 

CE1 Access Time 

- 

85 

- 

100 


tC02 

CE2 Access Time 

- 

85 

- 

100 


tOE 

Output Enable to Output in Valid 

- 

45 

- 

50 

ns 

^COE 

Chip Enable (CE1, CE2) to Output in Low-Z 

5 

- 

5 

- 

^EE 

Output Enable to Output in Low-Z 

0 

- 

0 

- 


bo 

Chip Enable (GET, CE2) to Output in High-Z 

- 

35 

- 

40 


tODO 

Output Enable to Output in High-Z 

- 

35 

- 

40 


^OH 

Output Data Hold Time 

10 

- 

10 

- 



Write Cycle 




TC551001BPI/BFI/BFTI/BTRI 


SYMBOL 

PARAMETER 

-85 

-10 

UNIT 



MIN. 

MAX. 

MIN. 

MAX. 


^wc 

Write Cycle Time 

85 

- 

100 

- 


twp 

Write Pulse Width 

60 

- 

60 

- 


tew 

Chip Selection to End of Write 

75 

- 

80 

- 


tAS 

Address Setup Time 

0 

- 

0 

- 


twR 

Write Recovery Time 

0 

- 

0 

- 

ns 

toDW 

RA/V to Output in High-Z 

- 

35 

- 

40 


toEW 

RA/V to Output in Low-Z 

0 

- 

0 

- 


tos 

Data Setup Time 

35 

- 

40 

- 


tpH 

Data Hold Time 

0 

- 

0 

- 



AC Test Conditions 


Input Pulse Levels 

2.6V/0.4V 

Input Pulse Rise and Fall Time 

5ns 

Input Timing Measurement Reference Level 

1.5V 

Output Timing Measurement Reference Level 

1.5V 

Output Load 

1 TTL Gate and Cl = lOOpF 
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SR01030994 


Static RAM 


TC551001BPI/BFI/BFTI/BTRI-85/10 


Notes: 

1. R/W is high for Read Cycle. 

2. If the CE1 Low transition or CE2 High transition occurs coincident with or after the R/W Low transition, Outputs remain 
in a high impedance state. 

3. If the CE1 High transition or CE2 Low transition occurs coincident with or prior to the R/W High transition, Outputs 
remain in a high impedance state. 

4. Assuming that OE is High for a write cycle. Outputs are in a high impedance state during this period. 

5. The I/O may be in the output state during this time, input signals of opposite phase must not be applied. 
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:A. Standard 
Static RAM 
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Data Retention Characteristics (Ta = -40 ~ 85°C) 


SYMBOL 

PARAMETER 

MiN. 

TYP. 

MAX. 

UNIT 

Vdh 

Data Retention Supply Voltage 

2.0 

- 

5.5 

V 

bDS2 

Standby Current 

Vdd = 3.0V 

- 

- 

100 

pA 

Vdd = 5.5V 

- 

- 

200 

tcDR 

Chip Deselect to Data Retention Mode 

0 

- 

- 

ns 


Recovery Time 

5 

- 

- 

ms 


CE1 Controlled Data Retention Mode 



GND -—--—---- 

Notes: 

1. In the CE1 controlled data retention mode, minimum standby current is achieved under the condition CE2 < 0.2V or 
CE2 > Vdd - 0.2V. 

2. If the V|H of CE1 is 2.4V in operation, during the period that the Vq^ voltage is going down from 4.5V to 2.6V, Iddsi 
current flows. 

3. In the CE2 controlled data retention mode, minimum standby current is achieved under the condition CE2 < 0.2V 
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Static RAM 
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Outline Drawing 

TSOP32-P-0820A Unit in mm 








Weight : 0.34 g (Typ.) 


1. This technical data may be controiled under U.S. Export Administration Reguiations and may be subject to the approval of the U.S. Department of Commerce prior to export. Any export or re-export, directly or indi¬ 
rectly, in contravention of the U.S. Export Administration Regulations is strictly prohibited. 

2. LIFE SUPPORT POLICY 

Toshiba products described in this document are not authorized for use as critical components in life support systems without the written consent of the appropriate officer of Toshiba America, Inc. Life support sys¬ 
tems are either systems intended for surgical implant in the body or systems which sustain life. 

A critical component in any component of a life support system whose failure to perform may cause a malfunction of the life support system, or may affect its safety or effectiveness. 

3. The information in this document has been carefully checked and is believed to be reliable; however no responsibility can be assumed for inaccuracies that may not have been caught. All information in this data book 
is subject to change without prior notice. Furthermore, Toshiba cannot assume responsibility for the use of any license under the patent rights of Toshiba or any third parties. 
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TOSHIBA 


TC551001BPI/BFI/BFn/BTRI-85L/10L 

SILICON GATE CMOS 
131,072 WORD X 8 BIT STATIC RAM 



Description 

The TC551001BPL is a 1,048,576 bits static random access memory organized as 131,072 words by 8 bits using CMOS 
technology, and operated from a single 5V power supply. Advanced circuit techniques provide both h igh speed and low power 
features with an operating current of 5mA/MHz (typ.) and a minimum cycle time of 85ns. When CE1 is a logical high, or CE2 is 
low, the device is placed in a low power standby mode in which the standby current is 2|iA typically. The TC551001 BPL has 
three control inputs. Chip Enable inputs (CE1, CE2) allow for device selection and data retention control, while an Output 
Enable input (OE) provides fast memory access. The TC551001 BPL is suitable for use in microprocessor application sys¬ 
tems where high speed, low power, and battery backup are required. The TC551001BPI guarantees -40 ~ 85°C operating 
temperature so TC551001 BPI is suitable for use in wide operating temperature system. 

The TC551001 BPL is offered in a standard dual-in-line 32-pin plastic package, a small outline plastic package, and a 
thin small outline plastic package (forward, reverse type). 

Features Connection (Top View) 


• Low power dissipation: 27.5mW/MHz (typ.) 

• Standby current: 4iiA (max.) at Ta = 25°C 

• 5V single power supply 

• Access time (max.) 



TC551001BPI/BFI/BFTI/BTRI 

-85L 

-10L 

Access Time 

85ns 

100ns 

CE1 Access Time 

85ns 

100ns 

CE2 Access Time 

85ns 

100ns 

OE Access Time 

45ns 

50ns 


O 32 PIN DIP & SOP 



VoD 

A15 

CE2 

R/W 

A13 

A8 

A9 

All 

SI 

AlO 

SET 

1/08 

1/07 

1/06 

1/OS 

1/04 


o 32 PIN TSOP 

(forward type) 





(reverse type) 



• Power down feature: CE1, CE2 


• Data retention supply voltage: 2.0 ~ 5.5V 

• Inputs and outputs TTL compatible 

• Wide operating temperature: -40 ~ 85°C 


• Package 


Pin Names 


TC551001BP1 


DIP32-P-600 


TC551001BFI 

TC551001BFTI 

TC551001BTRI 


SOP32-P-525 

TSOP32-P-0820 

TSCP32-P-0820A 


A0~ A16 

Address Inputs 

TSOP Pinout 

R/W 

Read/Write Control Input 

OE 

Output Enable Input 

CeT, CE2 

Chip Enable Inputs 

1/01 ~ 1/08 

Data Input/Output 

VdD 

Power (+5V) 

GND 

Ground 

N.C. 

No Connection 

PIN NO. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

PIN NAME 

A,i 

As 

As 

Ai3 

R/W 

CE2 

Ai 5 

Vdd 

NC 

Ai6 

Ai4 

Ai2 

Ay 

As 

A5 

A 4 

PIN NO. 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

PIN NAME 

A3 


Ai 

Ao 

1/01 

1/02 

I/03 

GND 

I/04 

I/05 

I/06 

1/07 

1/08 

_ 

GET 

A10 

OE 
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Static RAM 






TC551001 BPI/BFI/BFTI/BTRI-85Lyi OL 


Static RAM 


SR01040994 


Block Diagram 


CE 



Operating Mode 


OPERATION MODE 

CE1 

CE2 

OE 

R/W 

1/01 ~ 1/08 

POWER 

Read 

L 

H 

L 

H 

Dqut 

•ddo 

Write 

L 

H 

* 

L 

D|n 

boo 

Output Deselect 

L 

H 

H 

H 

High-Z 

boo 

Standby 

H 

* 

* 

* 

High-Z 

bos 

* 

L 

* 

* 

High-Z 

bos 


*HorL 


Maximum Ratings 


SYMBOL 

ITEM 

RATING 

UNIT 

Vdd 

Power Supply Voltage 

o 

i 

CO 

d 

V 

V|N 

Input Voltage 

-0.3* ~ 7.0 

V 

V|/o 

Input and Output Voltage 

-0.5 ~ VpQ + 0.5 

V 

Pd 

Power Dissipation 

1.0/0.6** 

w 

Tsolder 

Soldering Temperature (1 Os) 

260 


Tstrg 

Storage Temperature 

-55-150 


Tqpr 

Operating Temperature 

-40 ~ 85 

°c 


* -3.0V at pulse width 50ns Max. 
** SOP 
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DC Recommended Operating Conditions 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

Vdd 

Power Supply Voltage 

4.5 

5.0 

5.5 

V 

V|H 

Input High Voltage 

2.4 

- 

Vqd + 0.3 

V|L 

Input Low Voltage 

-0.3* 

- 

0.6 

Vdh 

Data Retention Supply Voltage 

2.0 

- 

5.5 


* -3.0V at pulse width 50ns Max. 


DC and Operating Characteristics (Ta = -40 ~ 85°C, = 5V±10%) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

Ili 

Input Leakage Current 

< 

■z. 

II 

o 

\ 

< 

o 

D 

- 

- 

±1.0 

HA 

■lo 

Output Leakage Current 

CE1 = V|H or CE2 = V,l or R/W = V,l or 

OE = ViH, Vqut = 0 ~ Vdd 

- 

- 

±1.0 

HA 

•oh 

Output High Current 

Voh = 2.4V 

-1.0 

- 

- 

mA 

•oL 

Output Low Current 

VoL = 0.4V 

4.0 

- 

- 

mA 

•ddoi 

Operating Current 

CE1 =V,|_andCE2 =V|h 
and R/W = V|H, 

•out = 0mA 

Other Inputs = V|h/V||_ 

tcycle 

Min. 

- 

- 

70 

mA 

1|IS 

- 

- 

20 

■dD02 

GET = 0.2V and 
CE2 =Vdd-0.2V 

R/W =:Vdd-0.2V 
•out = 0mA 

Other Inputs 
= Vdd-0.2V/0.2V 

tcycle 

Min. 

- 

- 

60 

IjIS 

- 

- 

10 

■ddsi 

Standby Current 

_i 

> 

II 

<M 

m 

o 

o 

X 

> 

II 

LU 

lo 

- 

- 

3 

mA 

•dDS2^^^ 

CE1 =VDD-0.2Vor 

CE2 = 0.2V 

Vdd = 2.0V ~ 5.5V 

Ta = -40 ~ 85°C 

- 

- 

70 

HA 

Ta = 25X 

- 

2 

4 


Note (1): In standby mode with CE1 > V^q - 0.2V, the specification limits are guaranteed under the condition of CE2 > Vqd - 0.2V or CE2 < 0.2V 

Capacitance (Ta = 25°C, f = 1MHz) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MAX. 

UNIT 

C|N 

Input Capacitance 

V|n = GND 

10 

PF 

^OUT 

Output Capacitance 

Vout = GND 

10 


Note: This parameter is periodically sampled and is not 100% tested. 
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AC Characteristics (Ta = -40 ~ 85°C, Vqd = 5V±10%) 


Read Cycle 




TC551001BPI/BFI/BFTI/BTRI 


SYMBOL 

PARAMETER 

-85L 

-10L 

UNIT 



MIN. 

MAX. 

MIN. 

MAX. 


tpc 

Read Cycle Time 

85 

- 

100 

- 


Ucc 

Address Access Time 

- 

85 

- 

100 


tc01 

GET Access Time 

- 

85 

- 

100 


tC02 

CE2 Access Time 

- 

85 

- 

100 


toE 

Output Enable to Output in Valid 

- 

45 

- 

50 

ns 

^COE 

Chip Enable (CE1, CE2) to Output in Low-Z 

5 

- 

5 

- 

bEE 

Output Enable to Output in Low-Z 

0 

- 

0 

- 


tOD 

Chip Enable (CE1, CE2) to Output in High-Z 

- 

35 

- 

40 


hoo 

Output Enable to Output in High-Z 

- 

35 

- 

40 


bH 

Output Data Hold Time 

10 

- 

10 

- 



Write Cycle 




TC551001BPI/BFI/BFTI/BTRI 


SYMBOL 

PARAMETER 

-85L 

-10L 

UNIT 



MIN. 

MAX. 

MIN. 

MAX. 


twc 

Write Cycle Time 

85 

- 

100 

- 


twp 

Write Pulse Width 

60 

- 

60 

- 


tew 

Chip Selection to End of Write 

75 

- 

80 

- 


tAS 

Address Setup Time 

0 

- 

0 

- 


twR 

Write Recovery Time 

0 

- 

0 

- 

ns 

toDW 

R/W to Output in High-Z 

- 

35 

- 

40 


toEW 

R/W to Output in Low-Z 

0 

- 

0 

- 


tos 

Data Setup Time 

35 

- 

40 

- 


‘dh 

Data Hold Time 

0 

- 

0 

- 



AC Test Conditions 


Input Pulse Levels 

2.6V/0.4V 

Input Pulse Rise and Fall Time 

5ns 

Input Timing Measurement Reference Level 

1.5V 

Output Timing Measurement Reference Level 

1.5V 

Output Load 

1 TTL Gate and Cl = lOOpF 
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Timing Waveforms 

Read Cycle 



Write Cycle 1 (R/W Controlled Write) 
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A. Standard 
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Write Cycle 2 (CE1 Controlled Write) 


twc 



CE2 


CE1 


DquT 


Din 



Write Cycle 3 (CE2 Controlled Write) 
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Notes: 

1. RAA/ is high for Read Cycle. 

2. Assuming that CE1 Low transition or CE2 High transition occurs coincident with or after the RAN Low transition, Out¬ 
puts remain in a high impedance state. 

3. If the CE1 High transition or CE2 Low transition occurs coincident with or prior to the RAN High transition, Outputs 
remain in a high impedance state. 

4. Assuming that OE is High for a write cycle, outputs are in a high impedance state during this period. 

5. The I/O may be in the output state during this time, input signals of opposite phase must not be applied. 
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Data Retention Characteristics (Ta = -40 ~ 85°C) 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

Vdh 

Data Retention Supply Voltage 

2.0 

- 

5.5 

V 

IdDS2 

Standby Current 

Vdd = 3.0V 

- 

- 

35* 


Vdd = 5.5V 

- 

- 

70 

tCDR 

Chip Deselect to Data Retention Mode 

0 

- 

- 

ns 

tR 

Recovery Time 

5 

- 

_ 

ms 


*3|aA (max.) Ta = -40 ~ 40°C 

CE1 Controiled Data Retention Mode 



GND - 

CE2 Controlied Data Retention Mode 



GND 


Notes: 

1. In the CE1 controlled data retention mode, minimum standby current is achieved under the condition CE2 < 0.2V or 
CE2 > Vdd - 0.2V 

2. If the V|H of CE1 is 2.4V in operation, during the period that the V^d voltage is going down from 4.5V to 2.6V, Iqqsi 
current flows. 

3. In the CE2 controlled data retention mode, minimum standby current is achieved under the condition CE2 < 0.2V. 
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Outline Drawing 

TSOP32-P-0820A Unit in mm 



0.510.1 


1. This technical data may be controlled under U.S. Export Administration Regulations and may be subject to the approval of the U.S. Department of Commerce prior to export. Any export or re-export, directly or indi¬ 
rectly, in contravention of the U.S. Export Administration Regulations is strictly prohibited. 

2. LIFE SUPPORT POLICY 

Toshiba products described in this document are not authorized for use as critical components in life support systems without the written consent of the appropriate officer of Toshiba America, Inc. Life support sys¬ 
tems are either systems intended for surgical implant in the body or systems which sustain life. 

A critical component in any component of a life support system whose failure to perform may cause a malfunction of the life support system, or may affect its safety or effectiveness. 

3. The information in this document has been carefully checked and is believed to be reliable: however no responsibility can be assumed for inaccuracies that may not have been caught. All information in this data book 
is subject to change without prior notice. Furthermore, Toshiba cannot assume responsibility for the use of any license under the patent rights of Toshiba or any third parties. 
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TOSHIBA 


SILICON GATE CMOS 


TC551001BPI/BFI/BFn/B™-«5V/10V 

PRELIMINARY 


131,072 WORD X 8 BIT STATIC RAM 


(0 

TJ 

<0 

m 


Description 

The TC551001BPL is a 1,048,576 bits static random access memory organized as 131,072 words by 8 bits using CMOS 
technology, and operated from a single 5V power supply. Advanced circuit techniques provide both h igh s peed and low 
power features with an operating current of 5mA/MHz (typ.) and a minimum cycle time of 85ns. When CE1 is a logical high, or 
CE2 is low, the device is placed in a low power standby mod e in w hich the standby current is 2juA typically. The 
TC551001 BPL has three control inputs. Chip Enable inputs (CEI, CE2) allow for device selection and data retention con¬ 
trol, while an Output Enable input (OE) provides fast memory access. The TC551001 BPL is suitable for use in micropro¬ 
cessor application systems where high speed, low power, and battery backup are required. The TC551001BPI guarantees 
-40 ~ 85°C operating temperature so TC551001 BPI is suitable for use in wide operating temperature system. 

The TC551001 BPL is offered in a standard dual-in-line 32-pin plastic package, a small outline plastic package, and a 
thin small outline plastic package (forward, reverse type). 

Features Pin Connection (Top View) 


» Low power dissipation: 27.5mW/MHz (typ.) 

• Standby current: 4iaA (max.) at Ta = 25°C 

• Single 2.7 ~ 5.5V power supply 
® Access time (max.) 



5V±10% 

2.7 ~ 5.5V 

-85V 

-10 V 

-85V/-10V 

Access Time 

85ns 

100ns 

200ns 

CEI Access Time 

85ns 

100ns 

200ns 

CE2 Access Time 

85ns 

100ns 

200ns 

OE Access Time 

45ns 

50ns 

100ns 


o 32 PIN DIP & SOP 





N.CC 

1 

32 

AieC 

2 

31 

A14C 

3 

30 

A12C 

4 

29 

A7 C 

5 

28 

A6 C 

6 

27 

AS L 

7 

26 

A4 C 

8 

25 

A3 C 

9 

24 

A2 C 

10 

23 

A1 C 

11 

22 

AO C 

12 

21 

i/oC 

13 

20 

1/02(1 

14 

19 

I/O3C 

15 

18 

gndCI 

16 

17 


^ Vqo 

□ A15 

□ CE2 

□ R/W 

□ A13 

□ A8 

□ A9 

□ All 

□ 01 

□ A10 

□ m 


o 32 PIN TSOP 

(forward type) 


(reverse type) 



• Power down feature: CEI, CE2 


® Data retention supply voltage: 2.0 ~ 5.5V 
® Inputs and outputs directly TTL compatible 


® Wide operating temperature: 

® Package TC551001BPI 


-40 ~ 85°C 
: DIP32-P-600 


TC551001BFI 
TC551001BFTI 
Pin Names TC551001BTRI 


SOP32-P-525 

TSOP32-P-0820 

TSOP32-P-0820A 


A0~ A16 

Address Inputs 

TSOP Pinout 

R/W 

Read/Write Control Input 


Output Enable Input 

CET, CE2 

Chip Enable Inputs 

0 

i 

0 

GO 

Data Input/Output 

Vdd 

Power (+5V) 

GND 

Ground 

N.C. 

No Connection 

PIN NO. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

PIN NAME 

An 

Ag 

As 

Ai3 

R/W 

CE2 

Ai5 

VpD 

NC 

Ai6 

Ai4 

Ai2 

Ay 

As 

As 

A 4 

PIN NO. 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

PIN NAME 

A 3 

A 2 

Ai 

Ao 

1/01 

1/02 

I/03 

GND 

I/04 

1/05 

I/06 

1/07 

1/08 

ceT 

A 10 

OE 
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Block Diagram 


CE 



Operating Mode 


OPERATING MODE 

CE1 

CE2 

OE 

R/W 

I/01 1/08 

POWER 

Read 

L 

H 

L 

H 

Dqut 

•ddo 

Write 

L 

H 

* 

L 

D|n 

■ddo 

Output Deselect 

L 

H 

H 

H 

High-Z 

boo 

Standby 

H I 

* 

•k 

* 

High-Z 

bos 

* 

L 

* 

* 

High-Z 

bos 


* H or L 


Maximum Ratings 


SYMBOL 

ITEM 

RATING 

UNIT 

Vdd 

Power Supply Voltage 

-0.3 ~ 7.0 

V 

V|N 

Input Voltage 

-0.3* ~ 7.0 

V 

V|/o 

Input and Output Voltage 

-0.5 ~ Vdd + 0.5 

V 

Pd 

Power Dissipation 

1.0/0.6** 

W 

"•"solder 

Soldering Temperature (1 Os) 

260 

°C 

"•"STRG 

Storage Temperature 

-55-150 

X 

"•"opr 

Operating Temperature 

0-70 

°C 


* -3.0V at pulse width 50ns Max. 
** SOP 
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DC Recommended Operating Conditions (Ta = -40 ~ 85°C) 


SYMBOL 

PARAMETER 

5V±10% 

2.2 ~ 5.5V 

UNIT 

MIN. 

TYP. 

MAX. 

MIN. 

MIN. 

MAX. 

Q 

Q 

> 

Power Supply Voltage 

4.5 

5.0 

5.5 

2.7 

- 

5.5 

V 

V|H 

Input High Voltage 

2.4 

- 

Vdd + 0.3 

Vdd - 0.2 

- 

Vdd + 0-2 

V|L 

Input Low Voltage 

-0.3* 

- 

0.6 

-0.3* 


0.2 

Vqh 

Data Retention Supply Voltage 

2.0 

- 

5.5 I 

2.0 

- 

5.5 


* -S.OV with a pulse width of 50ns Max. 


DC and Operating Characteristics (Ta = -40 ~ 85°C, VpD = 5V±10%) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

ly 

Input Leakage Current 

V|N = 0 - Vdd 

- 


±1.0 

laA 

Ilo 

Output Leakage Current 

^ = V,H or R/W = V,L or ^ = V|h 

Vqut = 0 ~ Vdd 

- 

- 

±1.0 

pA 

•oh 

Output High Current 

Vqh = 2.4V 

-1.0 

- 

- 

mA 

■oL 

Output Low Current 

Vql = 0.4V 

4.0 

- 

- 

mA 

booi 

Operating Current 

CE = V,l 

RAA/ = V|h 

Other Input = V|h/V|l 

Iqut = 0mA 

^cycle - 1M-S 

- 

- 

70 

mA 

c 

II 

0) 0 

..P o 

- 

- 

20 

■□002 

CE = 0.2V 

R/W = Vdd - 0.2V 

Other Input = Vdd - 0.2V/0.2V 
Iqut = 0mA 

^cycle - 1 

- 

- 

60 

^cycle “Min. 
cycle 

- 

- 

10 

■ddsi 

Standby Current 

X 

> 

II 

|UJ 

lo 

- 

- 

3 

mA 

■dDS2 

CE = Vdd - 0.2V 

Vdd = 2.0V ~ 5.5V 

Ta = -40 85°C 

- 

- 

70 

HA 

Ta = 25°C 

- 

2 

4 


Note (1): In standby mode with CE1 > Vqd - 0.2V, the specification limits are guaranteed under the condition of CE2 > Vqd - 0.2V or CE2 < 0.2V. 

DC and Operating Characteristics (Ta =-40 ~ 85°C, Vqd = 3V±10%) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

ly 

Input Leakage Current 

V|N = 0 - Vdd 

- 

- 

±1.0 

pA 

•lo 

Output Leakage Current 

CE = V|H or R/W = V|L or OE = V|h, 

VouT = 0 ^ Vdd 

- 

- 

±1.0 

^lA 

•oh 

Output High Current 

VoH = Vdd-2.0V 

-0.1 

- 

- 

mA 

•OL 

Output Low Current 

Vql = 0.2V 

0.1 

- 

- 

mA 

•dD02 

Operating Current 

CE = 0.2V 

RAA/ = Vdd = 2.0V 

Other Input = Vqd - 0.2V/0.2V 
•out = 0mA 

tcycle 

Min. 

- 

- 

20 

mA 

Ips 

- 

- 

5 

•dDS2 

Standby Current 

CE = Vdd - 0.2V 

Vdd = 3V 
±10% 

Ta = -40 ~ 85°C 

- 

- 

40 

pA 

Ta = 25°C 

- 

1 

2 

Vdd = 3.0V 

Ta = -40 ~ 85X 

- 

- 

35 

Ta = -40 ~ 40°C 

- 

- 

3 

Ta = 25°C 

- 

1 

- 
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Capacitance* (Ta = 25°C, f = 1 MHz) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MAX. 

UNIT 

C|N 

Input Capacitance 

V|N = GND 

10 

PF 

Cqut 

Output Capacitance 

Vout = GND 

10 


Note: This parameter is periodically sampled and is not 100% tested. 


AC Characteristics (Ta = -40 - 85°C, Vqd = 5V±10%) 


Read Cycle 




TC551001BPI/BFI/BFTI/BTRI 


SYMBOL 

PARAMETER 

-85V 

-10V 

UNIT 



MIN. 

MAX. 

MIN. 

MAX. 


tpc 

Read Cycle Time 

85 

- 

100 

- 


^ACC 

Address Access Time 

- 

85 

- 

100 


tco 

CE Access Time 

- 

85 

- 

100 


toE 

Output Enable to Output in Valid 

- 

45 

- 

50 


tcOE 

Chip Enable (CE1, CE2) to Output in Low-Z 

5 

- 

5 

- 

ns 

toEE 

Output Enable to Output in Low-Z 

0 

- 

0 

- 


^OD 

Chip Enable (CE1, CE2) to Output in High-Z 

- 

35 

- 

40 


toDO 

Output Enable to Output in High-Z 

- 

35 

- 

40 


toH 

Output Data Hold Time 

10 


10 

- 


Write Cycle 



TC551001BPI/BFI/BFTI/BTRI 


SYMBOL 

PARAMETER 

-85V 

-10 V 

UNIT 



MIN. 

MAX. 

MIN. 

MAX. 


%c 

Write Cycle Time 

85 

- 

100 

- 


twp 

Write Pulse Width 

60 

- 

60 

- 


tew 

Chip Selection to End of Write 

75 

- 

80 

- 


Us 

Address Setup Time 

0 

- 

0 

- 


twR 

Write Recovery Time 

0 

- 

0 

- 

ns 

toDW 

RA/V to Output in High-Z 

- 

35 

- 

40 


toEW 

R/W to Output in Low-Z 

0 

- 

5 

- 


tps 

Data Setup Time 

35 

- 

40 

- 


tpH 

Data Hold Time 

0 

- 

0 

- 


AC Test Conditions 





Input Pulse Levels 

2.6V/0.4V 


Input Pulse Rise and Fall Time 

5ns 


Input Timing Measurement Reference Levels 

1.5V 


Output Timing Measurement Reference Levels 

1.5V 


Output Load 

1 TTL Gate and C 

L = 100pF 
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AC Characteristics (Ta = -40 ~ 85°C, Vdd = 2.7 ~ 5.5V) 


Read Cycle 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNIT 

tRC 

Read Cycle Time 

200 

- 

ns 

^ACC 

Address Access Time 

- 

200 

tcoi 

CE1 Access Time 

- 

200 

tc02 

CE2 Access Time 

- 

200 

tOE 

Output Enable to Output in Valid 

- 

100 

tcOE 

Chip Enable (CE1, CE2) to Output In Low-Z 

5 

- 

tOEE 

Output Enable to Output In Low-Z 

0 

- 

too 

Chip Enable (CE1, CE2) to Output In High-Z 

- 

60 

*000 

Output Enable to Output in High-Z 

- 

60 

toH 

Output Data Hold Time 

10 

- 


Write Cycle 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNIT 

twc 

Write Cycle Time 

200 

- 


twp 

Write Pulse Width 

120 

- 


^cw 

Chip Selection to End of Write 

150 

- 


Us 

Address Setup Time 

0 

- 


twR 

Write Recovery Time 

0 

- 

ns 

^ODW 

R/W to Output in High-Z 

- 

60 


tOEW 

R/W to Output in Low-Z 

0 

- 


Us 

Data Setup Time 

80 

- 


Uh 

Data Hold Time 

0 

- 



AC Test Conditions 


Input Pulse Levels 

Vdd - 0.2V/0.2V 

Input Pulse Rise and Fall Time 

5ns 

Input Timing Measurement Reference Level 

1.5V 

Output Timing Measurement Reference Level 

1.5V 

Output Load 

Cl = lOOpF (Include Jig) 
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TC551001BPI/BFI/BFTI/BTRI-/85V/1OV 


Write Cycle 2 f'** (CE1 Controlled Write) 



Write Cycle 3 <“*> (CE2 Controlled Write) 
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Notes: 

1. RA/V is High for Read Cycle. 

2. Assuming that CE1 Low transition or CE2 High transition occurs coincident with or after the RAV Low transition, Out¬ 
puts remain in a high impedance state. 

3. Assuming that CE1 High transition or CE2 Low transition occurs coincident with or prior to the RAN High transition, 
Outputs remain in a high impedance state. 

4. Assuming that OE is High for a Write Cycle, Outputs are in a high impedance state during this period. 

5. The I/O may be in the output state during this time, input signals of opposite phase must not be applied. 
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Data Retention Characteristics (Ta = --40 ~ 85°C) 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

Vdh 

Data Retention Supply Voltage 

2.0 

- 

5.5 

V 

IdDS2 

Standby Current 

Vdd = 3.0V 

- 

- 

35* 

HA 

Vdd = 5.5V 

- 

- 

70 

tcDR 

Chip Deselect to Data Retention Mode 

0 

- 

- 

ns 


Recovery Time 

5 

- 

- 

ms 


*3|iA (max.) Ta = -40 - 40°C 

CE1 Controlled Data Retention Mode 



GND - 

CE2 Controlled Data Retention Mode 



GND ------- 

Notes: 

1. In the CE1 controlled data retention mode, minimum standby current is achieved under the condition of CE2 < 0.2V or 
CE2 > Vdd - 0.2V. 

2. If the V|H of CE1 is 2.4V in operation, during the period that the V^q voltage is going down from 4.5V to 2.6V, Iqqsi 
current flows. 

3. In the CE2 controlled data retention mode, minimum standby current is achieved under the condition of CE2 < 0.2V 
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3.3V Operation 

DC Recommended Operating Conditions (Ta = -40 ~ 85X) 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

Vdd 

Power Supply Voltage 

3.0 

3.3 

3.6 

V 

V|H 

Input High Voltage 

Vdd - 0.2 

- 

Vdd + 0.3 

V|L 

Input Low Voltage 

-0.3 

- 

0.2 


DC and Operating Characteristics (Ta = -40 ~ 85°C, Vqd = 3.3V±0.3V) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

Ili 

Input Leakage Current 

V|n = 0-Vdd 


- 

+1.0 

HA 

■lo 

Output Leakage Current 

CE = V,h orR/W: 
Vqut = 0 ~ Vdd 

= V|L or OE = V|H, 



- 

- 

±1.0 

^lA 

•oh 

Output High Current 

VoH = Vdd-2.0V 

-0.1 

- 

- 

mA 

•OL 

Output Low Current 

VoL = 0.2V 

0.1 

- 

- 

mA 

•dD02 

Operating Current 

CE = 0.2V, R/W = Vdd = 2.0V 

Other Input = Vdd ’ 0.2V/0.2V 

tcycle 

Min. 

- 

- 

25 

mA 



•out = 0mA 


1|IS 

- 

- 

5 





Vdd = 3.3V ± 0.3V 

Ta = -40 ~ 

85°C 

- 

- 

45 





Ta = 25°C 

- 

2 

3 


bDS2 

Standby Current 

CE = Vdd - 0.2V 


i 

o 

1 

II 

|2 

85°C 

- 

- 

40 

HA 




Vdd = 3.3V 

Ta = -40 ~ 

40°C 

- 

- 

5 






Ta = 25°C 

- 

2 




Capacitance* (Ta = 25°C, f = 1MHz) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MAX. 

UNIT 

ClN 

Input Capacitance 

V,N = GND 

10 

PF 

Cqut 

Output Capacitance 

Vout = GND 

10 


Note: This parameter periodically sampled is not 100% tested. 
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3-3V Operation 

AC Characteristics (Ta = -40 ~ 85°C, = 3.3V±0.3V) 


Read Cycle 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNIT 

^RC 

Read Cycle Time 

150 

- 

ns 

Ucc 

Address Access Time 

- 

150 

*001 

CE1 Access Time 

- 

150 

*002 

CE2 Access Time 

- 

150 

*OE 

Output Enable to Output in Valid 

- 

75 

*OOE 

Chip Enable CE to Output in Low-Z 

5 

- 

*OEE 

Output Enable to Output in Low-Z 

0 

- 

*OD 

Chip Enable CE to Output in High-Z 

- 

50 

*ODO 

Output Enable to Output in High-Z 

- 

50 

*OH 

Output Data Hold Time 

10 

- 


Write Cycle 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNIT 

*wo 

Write Cycle Time 

150 

- 


*WP 

Write Pulse Width 

100 

- 


*ow 

Chip Selection to End of Write 

120 

- 


*AS 

Address Setup Time 

0 

- 


*WR 

Write Recovery Time 

0 

- 

ns 

*0DW 

RA/V to Output in High-Z 

- 

50 


*OEW 

RA/V to Output in Low-Z 

0 

- 


*DS 

Data Setup Time 

60 

- 


*DH 

Data Hold Time 

0 

- 



AC Test Conditions 


Input Pulse Levels 

Vdd - 0.2V/0.2V 

Input Pulse Rise and Fall Time 

5ns 

Input Timing Measurement Reference Level 

1.5V 

Output Timing Measurement Reference Level 

1.5V 

Output Load 

Cl = lOOpF (Include Jig) 
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Outline Drawing 

TSOP32-P-0820 Unit in, mm 



0.5±0.1 


Weight : 0.34 g (Typ.) 
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Notes 


A-108 


TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 


PRELIMINARY 



TOSHIBA 


TC551001BPL/BFL/BFrL/BTRL-70V/85V 

SILICON GATE CMOS - 

131,072 WORD X 8 BIT STATIC RAM 


s 

IS 

Sim 


Description 

The TC551001BPL is a 1,048,576 bits static random access memory organized as 131,072 words by 8 bits using CMOS 
technology, and operated from a single 5V power supply. Advanced circuit techniques provide both h igh s peed and low 
power features with an operating current of 5mA/MHz (typ.) and a minimum cycle time of 70ns. When CE1 is a logical high, or 
CE2 is low, the device is placed in a low power standby mod e in w hich the standby current is 2 )aA typically. The 
TC551001 BPL has three control inputs. Chip Enable inputs (CE1, CE2) allow for device selection and data retention con¬ 
trol, while an Output Enable input (OE) provides fast memory access. The TC551001 BPL is suitable for use in micropro¬ 
cessor application systems where high speed, low power, and battery backup are required. 

The TC551001 BPL is offered in a dual-in-line 32-pin plastic package, a small outline plastic package, and a thin small 
outline plastic package (forward, reverse type). 


Features Pin Connection (Top View) 

• Low power dissipation: 27.5mW/MHz (typ.) 


• Standby current: 4|iA (max.) at Ta = 25°C 

® Single 2.7 ~ 5.5V power supply 
® Access time (max.) 



5V±10% 

2.7 ~ 5.5 

-70V 

-85V 

-70V/-85V 

Access Time 

85ns 

100ns 

200ns 

CE1 Access 

Time 

85ns 

100ns 

200ns 

CE2 Access 

Time 

85ns 

100ns 

200ns 

OE Access Time 

45ns 

50ns 

100ns 


O 32 PIN DIP & SOP o 32 PIN TSOP 


N.CC 




( forward type ^ 

AieC 

2 

31 

□ A15 

miimiiiiiiiiii 

A141I 

3 

30 

□ CE2 

16 1 

AI 2 C 

4 

29 

□ R/W 


A7 C 

5 

28 

□ A13 


A6 C 

6 

27 

□ A8 


A5 C 

7 

26 

□ A9 


A4 C 

8 

25 

□ All 


A3 E 

9 

24 

□ OE 


A2 C 

10 

23 

□ A10 


A1 C 

11 

22 

□ CE1 


AO C 

12 

21 

□ 1/08 


1 /oiC 

13 

20 

□ 1/07 


I/ 02 C 

14 

19 

□ 1/06 


I/03C 

15 

18 

□ 1/05 

17 32 

gndE 

16 

17 

□ 1/04 

yiuHHiiHn 


(reverse type) 



® Power down feature: CE1, CE2 

® Data retention supply voltage: 2.0 ~ 5.5V 

® Inputs and outputs directly TTL compatible 
® Package TC551001BPL : DIP32-P-600 


TC551001BFL : SOP32-P-525 
Pin Names TC551001 BI=TL : TSOP32-P-0820 


A0-A16 

Address Inputs 

OP32-P-0820A 

R/W 

Read/Write Control Input 

TSOP Pinout 


Output Enable Input 

CET, CE2 

Chip Enable Inputs 

1/01 ~ 1/08 

Data Input/Output 

Q 

Q 

> 

Power 

GND 

Ground 

N.C. 

No Connection 

PIN NO. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

PIN NAME 

A 11 

Ag 

As 

Ai3 

R/W 

CE2 

Ai5 

Vdd 

NC 

Ai6 

Ai4 

Ai2 

A 7 

Ae 

A 5 

A 4 

PIN NO. 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

PIN NAME 

A 3 

A 2 

A, 

Ao 

1/01 

1/02 

I/03 

GND 

I/04 

I/05 

I/06 

1/07 

1/08 


A 10 
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Block Diagram 


CE 



Operating Mode 


OPERATION IVIODE 

ceT 

CE2 

OE 

R/W 

1/01 ~ 1/08 

POWER 

Read 

L 

H 

L 

H 

Dqut 

boo 

Write 

L 

H 

* 

L 

D|N 

boo 

Output Deselect 

L 

H 

H 

H 

High-Z 

boo 

Standby 

H 

* 

* 

* 

High-Z 

bos 

* 

L 

* 

* 

High-Z 

•dds 


*HorL 


Maximum Ratings 


SYMBOL 

ITEM 

RATING 

UNIT 

Vqp 

Power Supply Voltage 

q 

i 

CO 

6 

V 

V|N 

Input Voltage 

o 

i 

* 

CO 

CD 

V 

V|/0 

Input and Output Voltage 

-0.5 ~ VpQ + 0.5 

V 

Pd 

Power Dissipation 

1.0/0.6** 

W 

^SOLDER 

Soldering Temperature (1 Os) 

260 


Tstrg 

Storage Temperature 

-55-150 

"C 

Tqpr 

Operating Temperature 

0-70 

°C 


* -3.0V with a pulse width of 50ns 
** SOP 
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DC Recommended Operating Conditions (Ta = 0 ~ 70°C) 


SYMBOL 

PARAMETER 

5V±10% 

2.2 ~ 5.5V 

UNIT 

MIN. 

TYP. 

MAX. 

MIN. 

MIN. 

MAX. 

Vdd 

Power Supply Voltage 

4.5 

5.0 

5.5 

2.7 

- 

5.5 

V 

V|H 

Input High Voltage 

2.4 

- 

Vdd + 0-3 

Vdd - 0.2 

- 

Vdd + 0.3 

V|L 

Input Low Voltage 

-0.3* 

- 

0.8 

-0.3* 

- 

0.2 

Vdh 

Data Retention Supply Voltage 

2.0 

- 

5.5 

2.0 

- 

5.5 


* -3.0V at pulse width at 50ns Max. 


DC and Operating Characteristics (Ta = 0 ~ 70°C, Vqd = 5V ± 10%) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

Ili 

Input Leakage Current 

V|N = 0 - Vdd 

- 

- 

±1.0 

HA 

■lo 

Output Leakage Current 

CE = V|H or R/W = V,L or OE = V|h 
^OUT = 0 - Vdd 

- 

- 

±1.0 

^lA 

•oh 

Output High Current 

Vqh = 2.4V 

-1.0 

- 

- 

mA 

•OL 

Output Low Current 

Vql = 0.4V 

4.0 

- 

- 

mA 

•ddoi 

Operating Current 

CE1 =V,Land CE2 = V,h 
and R/W = V|h 

Other Input = Vih/V|l 
•out = 0mA 

^cycle - 1 

- 

- 

70 

mA 

^cycle ~ Min. 
cycle 

- 


20 

•dD02 

^ = 0.2V and CE2 = Vdd - 0.2 
R/W = Vdd - 0.2V 

Other Inputs 
= Vdd “ 0.2V/0.2V 
•out = 0mA 

^cycle = 1 

- 

- 

60 

^cycle “ Min. 
cycle 

- 

- 

10 

•ddsi 

Standby Current 

_1 

CE1 = V,H and CE2 = V,l 

- 

- 

3 

mA 

•dDS2 

CE1 = Vdd - 0.2V or CE2 = 0.2V 

Vdd = 2.0V ~ 5.5V 

_ 

Ta = 0 ~ 70°C 

- 

- 

30 

^lA 

Ta = 25°C 

- 

2 

4 


Note: (1) In standby mode with CE1 > Vqq - 0.2V, these specification limits are guaranteed under the condition of CE2 > V^q - 0.2V or CE2 < 0.2V. 


DC and Operating Characteristics (Ta = -0 ~ 70°C, Vpp = 3V±0.3V) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

Ili 

Input Leakage Current 

V|N = 0 ~ Vdd 

- 

- 

±1.0 

|iA 

•lo 

Output Leakage Current 

CET = V|H or CE2 = V,L or RW 

OE = V,h,Vout = 0-Vdd 

- 

- 

±1.0 

^lA 

•oh 

Output High Current 

VoH = Vdd-2.0V 

-0.1 

- 

- 

mA 

•OL 

Output Low Current 

Vql = 0.2V 

0.1 

- 

- 

mA 

•dD02 

Operating Current 

CE1 = 0.2V and CE2 = Vdd - 0.2V 
RAA/ = Vdd = 2.0V 

Other Input = Vdd ■ 0.2V/0.2V 
•out = 0mA 

tcycle 

Min. 

- 

- 

20 

mA 

1|IS 

- 

- 

5 

•dDS2 

Standby Current 

CE = Vdd - 0.2V 
or CE2 = 0.2V 

Vdd = 2.5 ~3V 

Ta = 0 70°C 

- 

- 

20 

HA 

Ta = 25°C 

- 

1 

2 

Vdd = 3.0V 

Ta = 0 - 70X 

- 

- 

15 

Ta = 0 ~ 40°C 

- 

- 

3 

Ta = 25°C 

- 

1 

_I_ 1 
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Capacitance (Ta = 25°C, f = 1MHz) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MAX. 

UNIT 

C|N 

Input Capacitance 

V,N = GND 

10 

pF 

^OUT 

Output Capacitance 

Vqut = gnd 

10 


Note: This parameter is periodically sampled and is not 100% tested. 


AC Characteristics (Ta = 0 ^ 70°C, Vqd = 5V±10%) 


Read Cycle 




TC551001BPI/BFI/BFTI/BTRI 


SYMBOL 

PARAMETER 

-70V 

-85V 

UNIT 



MIN. 

MAX. 

MIN. 

MAX. 


tpc 

Read Cycle Time 

70 

- 

85 

- 


Ucc 

Address Access Time 

- 

70 

- 

85 


tcoi 

CET Access Time 

- 

70 

- 

85 


tc02 

CE2 Access Time 

- 

70 

- 

85 


tOE 

Output Enable to Output in Valid 

- 

35 

- 

45 


^COE 

Chip Enable (CET, CE2) to Output in Low-Z 

10 

- 

10 

- 


toEE 

Output Enable to Output in Low-Z 

5 


5 

- 


^OD 

Chip Enable (CET, CE2) to Output in High-Z 

- 

25 

- 

30 


toDO 

Output Enable to Output in High-Z 

- 

25 

- 

30 


toH 

Output Data Hold Time 

10 

- 

10 

- 



Write Cycle 
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SYMBOL 

PARAMETER 

-70V 

-85V 

UNIT 



MIN. 

MAX. 

MIN. 

M.AX. 


twc 

Write Cycle Time 

70 

- 

85 

- . 


twp 

Write Pulse Width 

50 

- 

60 

- 


tew 

Chip Selection to End of Write 

60 

- 

75 

- 


tAS 

Address Setup Time 

0 

- 

0 

- 


twR 

Write Recovery Time 

0 

- 

0 

- 

ns 

toDW 

RAN to Output in High-Z 

- 

25 

- 

30 


toEW 

RAN to Output in Low-Z 

5 

- 

5 

- 


tos 

Data Setup Time 

30 

- 

35 

- 


tpH 

Data Hold Time 

0 

- 

0 

- 



AC Test Conditions 


Input Pulse Levels 

2.4V/0.6V 

Input Pulse Rise and Fall Time 

5ns 

Input Timing Measurement Reference Level 

1.5V 

Output Timing Measurement Reference Level 

1.5V 

Output Load 

1 TTL Gate and Cl = 10OpF 
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AC Characteristics (Ta = 0 ~ 70°C, V^d = 2.7 ~ 5.5V) 


Read Cycle 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNIT 

tRC 

Read Cycle Time 

150 

- 

ns 

^ACC 

Address Access Time 

- 

150 

^COI 

CE1 Access Time 

- 

150 

tc02 

CE2 Access Time 

- 

150 

tOE 

Output Enable to Output in Valid 

- 

75 

tcOE 

Chip Enable (CE1, CE2) to Output in Low-Z 

10 

- 

m 

m 

Output Enable to Output in Low-Z 

5 

- 

toD 

Chip Enable (CE1, CE2) to Output in High-Z 

- 

50 

^ODO 

Output Enable to Output in High-Z 

- 

50 

toH 

Output Data Hold Time 

10 

- 


Write Cycle 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNIT 

twc 

Write Cycle Time 

150 

- 


twp 

Write Pulse Width 

100 

- 


tew 

Chip Selection to End of Write 

120 

- 


Us 

Address Setup Time 

0 

- 


twR 

Write Recovery Time 

0 

- 

ns 

toDW 

RAN to Output in High-Z 

- 

50 


toEW 

RAN to Output in Low-Z 

5 

- 


tos 

Data Setup Time 

60 

- 


tpH 1 

Data Hold Time 

0 

- 



AC Test Conditions 


Input Pulse Levels 

Vdd - 0.2V/0.2V 

Input Pulse Rise and Fall Time 

5ns 

Input Timing Measurement Reference Level 

1.5V 

Output Timing Measurement Reference Level 

1.5V 

Output Load 

Cl = 10OpF (Include Jig) 
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Timing Waveforms 

Read Cycle 



Write Cycle 1 (R/W Controlled Write) 
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Write Cycle 2 (CE1 Controlled Write) 



Write Cycle 3 ^4) (CE2 Controlled Write) 
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Notes: 

1. R/W is High for Read Cycle. 

2. Assuming that CE1 Low transition or CE2 High transition occurs coincident with or after the RAA/ Low transition, Out¬ 
puts remain in a high impedance state. 

3. Assuming that CE1 High transition or CE2 Low transition occurs coincident with or prior to the RAN High transition, 
Outputs remain in a high impedance state. 

4. Assuming that OE is High for a Write Cycle, the outputs are in a high impedance state during this period. 

5. In I/O may be in the output state during this time, input signals of opposite phase must not be applied. 
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Data Retention Characteristics (Ta = 0 ~ 70°C) 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

Vdh 

Data Retention Supply Voltage 

2.0 

- 

5.5 

V 

bDS2 

Standby Current 

Vdd = 3.0V 


- 

15* 


Vdd = 5.5V 

- 

- 

30 

boR 

Chip Deselect to Data Retention Mode 

0 

- 

- 

ns 

b 

Recovery Time 

5 

- , 

- 

ms 


*3)iA (max.) Ta = -40 ~ 40°C 

CE1 Controlled Data Retention Mode 





GND 


CE2 Controlled Data Retention Mode 



GND 


Notes: 

1. In the CE1 controlled data retention mode, minimum standby current is achieved under the condition of CE2 < 0.2V or 
CE2 > Vdd - 0.2V. 

2. If the V|H of CE1 is 2.4V in operation, during the period that the Vqd voltage is going down from 4.5V to 2.6V, Iqqsi 
current flows. 

3. In the CE2 controlled data retention mode, minimum standby current is achieved under the condition of CE2 < 0.2V. 
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A. Standard 
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Notes 


1. This technical data may be controlled under U.S. Export Administration Regulations and may be subject to the approval of the U.S. Department of Commerce prior to export. Any export or re-export, directly or indi¬ 
rectly, in contravention of the U.S. Export Administration Regulations is strictly prohibited. 

2. LIFE SUPPORT POLICY 

Toshiba products described in this document are not authorized for use as critical components in life support systems without the written consent of the appropriate officer of Toshiba America, Inc. Life support sys¬ 
tems are either systems intended for surgical implant in the body or systems \which sustain life. 

A critical component in any component of a life support system whose failure to perform may cause a malfunction of the life support system, or may affect its safety or effectiveness. 

3. The information in this document has been carefully checked and is believed to be reliable; however no responsibility can be assumed for inaccuracies that may not have been caught. All information in this data book 
is subject to change without prior notice. Furthermore, Toshiba cannot assume responsibility for the use of any license under the patent rights of Toshiba or any third parties. 
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TC554161FrL-70/85 


SILICON GATE CMOS PRELIMINARY 

262,144 WORD x 16 BIT STATIC RAM 

Description 

The TC554161FTL is a 4,194,304 bits static random access memory organized as 262,144 words by 16 bits using CMOS 
technology, and operated from a single 5V power supply. Advanced circuit techniques provide both high_speed and low 
power features with an operating current of 10mA/MHz (typ.) and a minimum cycle time of 70ns. When CE is a logical high, 
the device is placed in a low power stan^ mode in which the standby current is 100|aA (max.). The TC554161 FTL has 
two control inputs. A Chip Enable input (CE) allows for device selection and data retention control, while an Output Enable 
input (CE) provides fast memory access. Also, it allows that lower and upper byte access by Data Byte Control (LB, UB). 
The TC554161 FTL is suitable for use in microprocessor application systems where high speed, low power, and battery 
backup are required. 

The TC554161 FTL is offered in a 54-pin thin small outline plastic package. 


Features 

® Low power dissipation: 55mW/MHz (typ.) 
® Standby current: 10OjoA (max.) 

® 5V single power supply 
® Access time (max.) 



TC554161FTL 

-70 

-85 

Access Time 

70ns 

85ns 

CE Access Time 

70ns 

85ns 

OE Access Time 

35ns 

45ns 


® Power down feature: CE 

® Data retention supply voltage: 2.0 ~ 5.5V 

® Inputs and outputs directly TTL compatible 
® Package TC554161 FTL : TSCP54-P-400 


Pin Names 


A0~ A17 

Address Inputs 

1/01 ~ I/016 

Data Input/Output 

CE 

Chip Enable Input 

R/W 

Read/Write Control Input 


Output Enable Input 

lb,Ub 

Data Byte Control Input 

Vdd 

Power (+5V) 

GND 

Ground 

N.C. 

No Connection 

OR 

Option 


Pin Connection (Top View) 


N.C. t 

: 10 

54 

A4 

A3 [ 

: 2 

53 

: A5 

A2 C 

3 

52 

3 A6 

A1 C 

4 

51 

3 A7 

AO C 

5 

50 

3 N.C. 

1/016 C 

6 

49 

3 1/01 

1/015 C 

7 

48 

3 1/02 

VccC 

8 

47 

3 Vcc 

GND C 

9 

46 

3 GND 

1/014 C 

10 

45 

3 1/03 

1/013 C 

11 

44 

3 1/04 

UB C 

12 

43 

3 LB 

CE C 

13 

42 

3 0E 

OP. c 

14 

41 

3 OP. 

FVW C 

15 

40 

3 N.C. 

1/012 C 

16 

39 

3 1/05 

1/011 C 

17 

38 

3 1/06 

GND C 

18 

37 

3 GND 

Vcc n 

19 

36 

3 Vcc 

1/010 C 

20 

35 

3 1/07 

1/09 C 

21 

34 

3 1/08 

N.C C 

22 

33 

3 A8 

A17 C 

23 

32 

3 A9 

A16 C 

24 

31 

3 A10 

A15 C 

25 

30 

3 A11 

A14 [ 

26 

29 

3 A12 

A13 : 

27 

28 

3 N.C. 


* OR pin must be connected to GND or open. 
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Block Diagram 



Operating Mode 


OPERATING MODE 

CE 

OE 

R/W 

LB 

UB 

I/01 ~ 1/08 

1/09 ~ 1/016 

POWER 

Read 

L 

L 

H 

L 

L 

Output 

Output 

•ddo 

H 

L 

High Impedance 

Output 

•ddo 

L 

H 

Output 

High Impedance 

•ddo 

Write 

L 

•k 

L 

L 

L 

Input 

Input 

•ddo 

H 

L 

High Impedance 

Input 

■ddo 

L 

H 

Input 

High Impedance 

•ddo 

Output Deselect 

L 

H 

H 

* 

* 

High impedance 

High Impedance 

■ddo 

L 

* 

* 

H 

H 

Standby 

H 

* 

* 

* 

* 

High Impedance 

High Impedance 

Idds 


* H or L 

Maximum Ratings 


SYMBOL 

ITEM 

RATING 

UNIT 

'^DD 

Power Supply Voltage 

-0.3 ~ 7.0 

V 

V|N 

Input Terminal Voltage 

-0.3* ~ 7.0 

V 

V|/o 

Input/Output Terminal Voltage 

-0.5*~Vdd + 0.5 

V 

Pd 

Power Dissipation 

0.6 

W 

^SOLDER 

Soldering Temperature (10s) 

260 

°c 

T 

■STRG 

Storage Temperature 

-55 -150 


’•’opr 

Operating Temperature 

o 

i 

o 



-3.0V at pulse width 30ns MAx 
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DC Recommended Operating Conditions 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

Q 

Q 

> 

Power Supply Voltage 

4.5 

5.0 

5.5 

V 

V|H 

Input High Voltage 

2.2 

- 

VpD + 

V|L 

Input Low Voltage 

-0.3* 

- 

0.8 

Vdh 

Data Retention Supply Voltage 

2.0 

- 

5.5 


* -3.0V with a pulse width of 30ns Max. 


DC and Operating Characteristics (Ta = 0 ~ 70°C, Vqd = 5V±10%) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

Ili 

Input Leakage Current 

V|N = 0 ~ Vqd 

- 

- 

±1.0 

HA 

•lo 

Output Leakage Current 

^ = V|H or R/W = V,L or OE = V|h 

Vqut = 0 ~ Vdd 

- 

- 

±1.0 


•oh 

Output High Current 

VoH = 2.4V 

-1.0 

- 

- 

mA 

•OL 

Output Low Current 

VoL = 0.4V 

2.1 

- 

- 

mA 



CE = V||_, Iqut = 0mA 

Other Inputs = V|h/V|l 


70ns 

- 

- 

110 


•ddoi 


tcycle 

85ns 

- 

- 

100 



Operating Current 


1[iS 

- 

15 

- 

mA 


^ = 0.2V, louT = 0mA 
Other Inputs = V|h/V|l 


70ns 

- 

- 

100 

•dD02 


tcycle 

85ns 

- 

- 

90 





1|IS 

- 

10 

- 


•ddsi 


CE = V|H, Other Inputs = V|h/V|l 

- 

- 

3 

mA 

•dDS2 

Standby Current 

CE = Vdd - 0.2V 

Vdd = 2.0V ~ 5.5V 

- 

- 

100 

|iA 


Capacitance (Ta = 25°C, f = 1.0MHz) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MAX. 

UNIT 

C|N 

Input Capacitance 

V|N = GND 

10 

pF 

Gout 

Output Capacitance 

Vout = GND 

10 


Note: This parameter is periodically sampled and is not 100% tested. 
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AC Characteristics (Ta = 0 ~ 70°C, Yjyjy = 5V±10%) 
Read Cycle 




TC554161FTL 


SYMBOL 

PARAMETER 

-70 

-85 

UNIT 



MIN. 

MAX. 

MIN. 

MAX. 


^RC 

Read Cycle Time 

70 

- 

85 

- 


Ucc 

Address Access Time 

- 

70 


85 


^CO 

CE Access Time 

- 

70 

- 

85 


tOE 

OE Access Time 

- 

36 

- 

45 


^BA 

UB, LB Access Time 

- 

35 

- 

45 


toH 

Output Data Hold Time from Address 
Change 

10 

- 

10 

- 

ns 

tcOE 

Output Enable Time from CE 

10 

- 

10 

- 


tOEE 

Output Enable Time from OE 

5 

- 

5 

- 


^BE 

Output Enable Time from UB, LB 

5 

- 

5 

- 



Output Disable Time from CE 

- 

25 

- 

30 


*000 

Output Disable Time from OE 

- 

25 

- 

30 


^BD 

Output Disable Time from UB, LB 

-■ 

25 

- 

30 



Write Cycle 




TC554161FTL 


SYMBOL 

PARAMETER 

-70 

-85 

UNIT 



MIN. 

MAX. 

MIN. 

MAX. 


twc 

Write Cycle Time 

70 

- 

85 

- 


%p 

Write Pulse Width 

50 

- 

55 

- 


tew 

Chip Enable to End of Write 

60 

- 

70 

- 


tBW 

UB, LB Enable to End of Write 

50 

- 

55 

- 


Us 

Address Setup Time 

0 

- 

0 

- 

ns 

twR 

Write Recovery Time 

0 

- 

0 


tos 

Data Setup Time 

30 

- 

35 

- 


toH 

Data Hold Time 

0 

- 

0 

- 


toEW 

Output Enable Time from RA/V 

5 

- 

5 

- 


toDW 

Output Disable Time from RAN 

- 

25 

- 

30 



AC Test Conditions 


input Pulse Levels 

2.4V/0.6V 

Input Pulse Rise and Fall Time 

5ns 

Input Timing Measurement Reference Level 

1.5V 

Output Timing Measurement Reference Level 

1.5V 

Output Load 

1 TTL Gate and Cl = 10OpF 
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Static RAM 
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Notes: 

1. R/W is High for Read Cycle. 

2. Assuming that CE Low transition occurs coincident with or after the RAA/ Low transition, Outputs remain in a high 
impedance state. 

3. Assuming that CE High transition occurs coincident with or prior to the RAA/ High transition, Outputs remain in a high 
impedance state. 

4. Assuming that CE is high for a Write Cycle, Outputs are in a high impedance state during this period. 

5. The I/O may be in the output state during this time, input signals of opposite phase must not be applied. 
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Data Retention Characteristics (Ta = 0 ~ 70°C) 


SYIVIBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

Vdh 

Data Retention Supply Voltage 

2.0 

- 

5.5 

V 

IdDS2 

Standby Current 

Vdd = 3.0V 

- 

- 

50 

HA 

Vdd = 5.5V 

- 

- 

100 

tcDR 

Chip Deselect to Data Retention Mode 

0 

- 

- 

ns 


Recovery Time 

5 

- 

- 

ms 


CE Controlled Data Retention Mode 




GND ... .. .. ... . ' . . . . . .— 

Note: 

1. If the V|H of CE is 2.2V in operation, during the period that the Vqd voltage is going down from 4.5V to 2.4V, I^dsi 
current flows. 
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Notes 


1. This technical data may be controlled under U.S. Export Administration Regulations and may be subject to the approval of the U.S. Department of Commerce prior to export. Any export or re-export, directly or indi¬ 
rectly, in contravention of the U.S. Export Administration Regulations is strictly prohibited. 

2. LIFE SUPPORT POLICY 

Toshiba products described in this document are not authorized for use as critical components in life support systems without the written consent of the appropriate officer of Toshiba America, Inc. Life support sys¬ 
tems are either systems intended for surgical implant in the body or systems which sustain life. 

A critical component in any component of a life support system whose failure to perform may cause a malfunction of the life support system, or may affect its safety or effectiveness. 

3. The information in this document has been carefully checked and is believed to be reliable: however no responsibility can be assumed for inaccuracies that may not have been caught. All information in this data book 
is subject to change without prior notice. Furthermore, Toshiba cannot assume responsibility for the use of any license under the patent rights of Toshiba or any third parties. 
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TC554161FTL-70L/85L 

SILICON GATE CMOS PRELIMINARY 

262,144 WORD x 16 BIT STATIC RAM 


Description 

The TC554161FTL is a 4,194,304 bit static random access memory organized as 262,144 words by 16 bits using CMOS 
technology, and operated from a single 5V power supply. Advanced circuit techniques provide both high_^eed and low 
power features with an operating current of 10mA/MHz (typ.) and a minimum cycle time of 70ns. When CE is a logical high, 
the device is placed in a low power standby mode in which the standby current is 60iaA (max.). The TC554161 FTL has two 
control inputs. A Chip Enable input (CE) allows for device selection and data retention control, while an Outpi^ Enable input 
(OE) provides fast memory access. Also, it allows that lower and upper byte access by Data Byte Control (LB, UB). The 
TC554161 FTL is suitable for use in microprocessor application systems where high speed, low power, and battery backup 
are required. 

The TC554161 FTL is offered in a 54-pin thin small outline plastic package. 


Features 

• Low power dissipation: 55mW/MHz (typ.) 

• Standby current: 8|iA (max.) at Ta = 25°C 

• 5V single power supply 

• Access time (max.) 



TC554161FTL 


-70L 

-85L 

Access Time 

70ns 

85ns 

CE Access Time 

70ns 

85ns 

OE Access Time 

35ns 

45ns 


• Power down feature: CE 

• Data retention supply voltage: 2.0 ~ 5.5V 

• Inputs and outputs directly TTL compatible 

• Package TC554161 FTL : TSOP54-P-400 


Pin Names 


A0~A17 

Address Inputs 

I/01 ~ 1/016 

Data Inputs/Outputs 


Chip Enable Input 

R/W 

Read/Write Control Input 

OE 

Output Enable Input 

lb,Ub 

Data Byte Control Input 

Vdd 

Power (+5V) 

GND 

Ground 

N.C. 

No Connection 

OP.* 

Option 


Pin Connection (Top View) 


N.C 

C 

io 

54 

3 A4 

A3 

c 

2 

53 

JA5 

A2 

c 

3 

52 

JA6 

A1 

c 

4 

51 

: A7 

AO 

c 

5 

50 

D N.C. 

1/016 

: 

6 

49 

3 1/01 

1/015 

c 

7 

48 

: 1/02 

Vcc 

c 

8 

47 

3 Vcc 

GND 

c 

9 

46 

3 GND 

1/014 

n 

10 

45 

3 1/03 

1/013 


11 

44 

3 1/04 

UB 

c 

12 

43 

3 IB 

CE 

c 

13 

42 

3 0E 

OP. 

c 

14 

41 

3 OP. 

R/W 

c 

15 

40 

3 N.C. 

1/012 

[ 

16 

39 

] 1/05 

1/011 

c 

17 

38 

: 1/06 

GND 

i: 

18 

37 

] GND 

Vcc 

c 

19 

36 

J Vcc 

1/010 

c 

20 

35 

3 1/07 

1/09 

c 

21 

34 

: 1/08 

N.C 

c 

22 

33 

: A8 

A17 

: 

23 

32 

D A9 

A16 

c 

24 

31 

D A10 

A15 

c 

25 

30 

: All 

A14 

: 

26 

29 

: A12 

A13 

c 

27 

28 

: N.C. 


* OR pin must be connected to GND or open. 
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Block Diagram 



Operating Mode 


OPERATING MODE 

CE 

OE 

R/W 

LB 

UB 

o 

1 

o 

oo 

1/09 ~ 1/016 

POWER 

Read 

L 

L 

H 

L 

L 

Output 

Output 

•ddo 

H 

L 

High Impedance 

Output 

boo 

L 

H 

Output 

High impedance 

•ddo 

Write 

L 

* 

L 

L 

L 

Input 

input 

•ddo 

H 

L 

High impedance 

Input 

•ddo 

L 

H 

Input 

High impedance 

•ddo 

Output Deselect 

L 

H 

H 

* 

* 

High Impedance 

High Impedance 

•ddo 

L 

* 

* 

H 

H 

Standby 


* 

* 

* 

* 

High Impedance 

High Impedance 

•dds 


*H orL 


Maximum Ratings 


SYMBOL 

ITEM 

RATING 

UNIT 

Vdd 

Power Supply Voltage 

-0.3 ~ 7.0 

V 

V|N 

Input Voltage 

-0.3* ~ 7.0 

V 

V|/o 

Input and Output Voltage 

-0.5*~Vdd + 0.5 

V 

Po 

Power Dissipation 

0.6 

w 

Tsolder 

Soldering Temperature (1 Os) 

260 

°c 

"•"STRG 

Storage Temperature 

-55 ~150 


Topr 

Operating Temperature 

0-70 

X 


* -3.0V at pulse width 30ns Max. 
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Static RAM 
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DC Recommended Operating Conditions 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

Vdd 

Power Supply Voltage 

4.5 

5.0 

5.5 

V 

V|H 

Input High Voltage 

2.2 

- 

Vdd + 0-3 

V|L 

Input Low Voltage 

-0.3* 

- 

0.8 

Vdh 

Data Retention Supply Voltage 

2.0 

- 

5.5 


* -S.OV with a pulse width of 30ns 


DC and Operating Characteristics (Ta = 0 - 70°C, Vqd = 5V±10%) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

'Ll 

Input Leakage Current 

V|n = 0-Vdd 

- 

- 

±1.0 


■lo 

Output Leakage Current 

CE = V|H or R/W = V,L or OE = V,h 

Vqut = 0 - Vdd 

- 

- 

+1.0 


•oh 

Output High Current 

VoH = 2.4V 

-1.0 

- 

- 

mA 

•OL 

Output Low Current 

VoL = 0.4V 

2.1 

- 

- 

mA 

•ddoi 

Operating Current 

CE = V|L, Iqut = 0mA 

Other Inputs = V|h/V|l 

tcycle 

70ns 

- 

- 

110 

mA 

85ns 

- 

- 

100 

1|IS 

- 

15 

- 

•dD02 

CE = 0.2V, louT = 0mA 

Other Inputs = V|h/V|l 

tcycle 

70ns 

-- 

- 

100 

85ns 

- 

- 

90 

1|1S 

- 

10 

- 


•ddsi 

Standby Current 

CE = V|H, Other Inputs = VihA/|l 

- 

- 

3 

mA 

•dDS2 

CE = Vdd - 0.2V 

Vdd = 2.0V ~ 5.5V 

Ta = 0 ~ 70°C 

- 

- 

60 

laA 

Ta = 25°C 

- 

4 

8 


Capacitance (Ta = 25°C, f = 1.0MHz) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MAX. 

UNIT 

C|N 

Input Capacitance 

V|N = GND 

10 

PF 

^OUT 

Output Capacitance 

Vout = GND 

10 


Note: This parameter is periodically sampled and is not 100% tested. 
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AC Characteristics (Ta = 0 ~ 70°C, Vqd = 5V±10%) 


Read Cycle 




TC554161FTL 


SYMBOL 

PARAMETER 

-70L 

-85L 

UNIT 



MIN. 

MAX. 

MIN. 

MAX. 


tpc 

Read Cycle Time 

70 

- 

85 



Ucc 

Address Access Time 

- 

70 

- 

85 


tco 

CE Access Time 

- 

70 


85 


toE 

OE Access Time 

- 

35 

- 

45 


tsA 

UB, LB Access Time 

- 

35 

- 

45 


^OH 

Output Data Hold Time from Address 
Change 

10 

- 

10 

- 

ns 

^COE 

Output Enable Time from CE 

10 

- 

10 

- 


toEE 

Output Enable Time from OE 

5 

- 

5 

- 


^BE 

Output Enable Time from UB, LB 

5 

- 

5 

- 


^OD 

Output Disable Time from CE 

- 

25 

- 

30 


tODO 

Output Disable Time from OE 

- 

25 

- 

30 


^BD 

Output Disable Time from UB, LB 

- 

25 

- 

30 1 



Write Cycle 




TC554161FTL 


SYMBOL 

PARAMETER 

-70L 

-85L 

UNIT 



MIN. 

MAX. 

MIN. 

MAX. 


%c 

Write Cycle Time 

70 

- 

85 

- 


twp 

Write Pulse Width 

50 

- 

55 

- 


tew 

Chip Enable to End of Write 

60 

- 

70 

- 


tBW 

UB, LB Enable to End of Write 

50 

- 

55 

- 


tAS 

Address Setup Time 

0 

- 

0 

- 


twR 

Write Recovery Time 

0 

- 

0 

- 


tos 

Data Setup Time 

30 

- 

35 

- 


toH 

Data Hold Time 

0 

- 

0 

- 


toEW 

Output Enable Time from R/W 

5 

- 

5 

- 


toDW 

Output Disable Time from R/W 

- 

25 


30 



AC Test Conditions 


Input Pulse Levels 

2.4V/0.6V 

Input Pulse Rise and Fall Time 

5ns 

Input Timing Measurement Reference Level 

1.5V 

Output Timing Measurement Reference Level 

1.5V 

Output Load 

1 TTL Gate and Cl = 10OpF 
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SR04020795 


Static RAM 


TC554161FTL-70L/85L 


Notes: 

1. R/W is High for Read Cycle. 

2. Assuming that CE Low transition occurs coincident with or after the RAN Low transition, Outputs remain in a high 
impedance state. 

3. Assuming that CE High transition occurs coincident with or prior to the RAN High transition, Outputs remain in a high 
impedance state. 

4. Assuming that OE is High for a write cycle, the Outputs are in a high impedance state during this period. 

5. The I/O may be in the output state during this time, input signals of opposite phase must not be applied. 
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Data Retention Characteristics (Ta = 0 ~ 70°C) 



CE Controlled Data Retention Mode 

VoD 
4.5V 

V|H 

a 

GND 



Note: 

1. If the V||_| of CE is 2.2V in operation, during the period that the Vqq voltage is going down from 4.5V to 2.4V, Iqdsi 
current flows. 
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Notes 
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TOSHIBA 


TC554161Fn-85/10 


SILICON GATE CMOS PRELIMINARY . 

262,144 WORD x 16 BIT STATIC RAM 

Description 

The TC554161FTI is a 4,194,304 bits static random access memory organized as 262,144 words by 16 bits using CMOS 
technology, and operated from a single 5V power supply. Advanced circuit techniques provide both high_speed and low 
power features with an operating current of 10mA/MHz (typ.) and a minimum cycle time of 85ns. When CE is a logical high, 
the device is placed in a low power ^ndby mode in which the standby current is 200|aA (max.). The TC554161 FTI has two 
control inputs. A Chip Enable input (CE) allows for device selection and data retention control, while an Outpi^ Enable input 
(OE) provides fast memory access. Also, it allows that lower and upper byte access by Data Byte Control (LB, UB). The 
TC554161 FTI is suitable for use in microprocessor application systems where high speed, low power, battery backup are 
required, and wide operating temperature system forTC554161FTI guarantees -40 ~ 85°C operating temperature. 

The TC554161 FTI is offered in a 54-pin thin small outline plastic package. 


Features 

• Low power dissipation: 55mW/MHz (typ.) 

• Standby current: 200|iA (max.) 

• 5V single power supply 

• Access time (max.) 



TC554161FTI 

>85 

-10 

Access Time 

85ns 

100ns 

CE Access Time 

85ns 

100ns 

^ Access Time 

45ns 

50ns 


• Power down feature: CE 

® Data retention supply voltage: 2.0 ~ 5.5V 

• Inputs and outputs directly TTL compatible 

• Package TC554161 FTI : TSOP54-P-400 

• Wide temperature operating: -40 ~ 85°C 


Pin Names 


A0~A17 

Address Inputs 

1/01 ~ 1/016 

Data Inputs/Outputs 


Chip Enable Input 

R/W 

Read/Write Control Input 

OE 

Output Enable Input 

LB, Ob 

Data Byte Control Input 

o 

Q 

> 

Power (+5V) 

GND 

Ground 

N.C. 

No Connection 

OP. 

Option 


Pin Connection (Top View) 


N.C 

C 

lO 

54 

3 A4 

A3 

C 

2 

53 

3 A5 

A2 

c 

3 

52 

3 A6 

A1 

c 

4 

51 

3 A7 

AO 

c 

5 

50 

3 N.C 

1/016 

c 

6 

49 

3 1/01 

1/015 

c 

7 

48 

3 1/02 

Vcc 

c 

8 

47 

3Vrc 

GND 

c 

9 

46 

3 GND 

1/014 

c 

10 

45 

31/03 

1/013 

c 

11 

44 

] 1/04 

UB 

c 

12 

43 

] LB 

U 

E 

13 

42 

bm 

OP. 

c 

14 

41 

3 OP. 

RAA/ 

c 

15 

40 

] N.C 

1/012 

c 

16 

39 

3 1/05 

1/011 

c 

17 

38 

3 1/06 

GND 

c 

18 

37 

3 GND 

Vcc 

c 

19 

36 

3 Vcc 

1/010 

c 

20 

35 

3 1/07 

1/09 

c 

21 

34 

3 1/08 

N.C 

c 

22 

33 

3 A8 

A17 

c 

23 

32 

3 A9 

A16 

c 

24 

31 

3 AlO 

A15 

c 

25 

30 

3 All 

A14 

c 

26 

29 

3 A12 

A13 

c 

27 

28 

3 N.C 


* OR pin must be connected to GND or open. 
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Block Diagram 



Operating Mode 


OPERATING MODE 

CE 

OE 

R/W 

LB 

UB 

1/01 ~ I/08 

i/09 ~ I/016 

POWER 

Read 

L 

L 

H 

L 

L 

Output 

Output 

■ddo 

H 

L 

High impedance 

Output 

•ddo 

L 

H 

Output 

High impedance 

boo 

Write 

L 

* 

L 

L 

L 

Input 

Input 

•ddo 

H 

L 

High Impedance 

Input 

boo 

L 

H 

Input 

High Impedance 

Iddo 

Output Deselect 

L 

H 

H 

* 

* 

High impedance 

High Impedance 

Iddo 

L 

* 

* 

H 

H 

Standby 

H 

* 

* 

* 

* 

High Impedance 

High Impedance 

•dds 


* H or L 


Maximum Ratings 


SYMBOL 

ITEM 

RATING 

UNIT 

Vdd 

Power Supply Voltage 

-0.3 ~ 7.0 

V 

V|N 

Input Terminal Voltage 

-0.3* - 7.0 

V 

V:/o 

Input/Output Terminal Voltage 

-0.5* ~ Vdd+ 0.5 

V 

Pd 

Power Dissipation 

0.6 

W 

^SOLDER 

Soldering Temperature (10s) 

260 

°C 

Tstrg 

Storage Temperature 

-55 ~150 

X 

Tqpr 

Operating Temperature 

-40 ~ 85 

X 


* -3.0V at pulse width 30ns Max. 
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DC Recommended Operating Conditions (Ta = -40 -- 85°C) 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

Vdd 

Power Supply Voltage 

4.5 

5.0 

5.5 

V 

V|H 

Input High Voltage 

2.4 

- 

Vdd + 0*3 

V|L 

Input Low Voltage 

-0.3* 

- 

0.6 

Vdh 

Data Retention Supply Voltage 

2.0 

- 

5.5 


* -3.0V at pulse width 30ns Max. 


DC and Operating Characteristics (Ta = -40 ~ 85°C, Vqq = 5V±10%) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

Ili 

Input Leakage Current 

V|N = 0 ~ Vdd 

- 

- 

±1.0 

pA 

•lo 

Output Leakage Current 

CE = V,H or R/W = V|L or ^ = V|h 

Vqut = 0 " Vdd 

- 

- 

±1.0 

ha 

•oh 

Output High Current 

Vqh = 2.4V 

-1.0 

- 

- 

mA 

•OL 

Output Low Current 

Vql = 0.4V 

2.1 

- 

- 

mA 





70ns 

- 

- 

110 


•ddoi 


CE = V|i_, Iqut = 0mA 

Other Inputs = V|h/V|l 

•■cycle 

85ns, 

10ns 

- 

- 

100 



Operating Current 



1|LIS 

- 

15 

- 

mA 




70ns 

- 

- 

100 

•dD02 


CE = 0.2V, Iqlit ~ 0mA 
Other Inputs = V|h/V|l 

^cycle 

85ns, 

10ns 

- 

- 

90 






l^s 

- 

10 

- 


•ddsi 


CE = V|H, Other Inputs = V|h/V|l 

- 

- 

3 

mA 

■dDS2 

_1 

Standby Current 

^ = Vdd - 0.2V 

Vdd = 2.0V - 5.5V 

- 

- 

200 

^lA 

Capacitance (Ta = 25®C, f = 1.0MHz) 








SYMBOL 

PARAMETER 

TEST CONDITION 

MAX. 

UNIT 



C|N 

Input Capacitance 

V|N = GND 

10 

PF 



^OUT 

Output Capacitance 

VouT = GND 

10 




Note: This parameter is periodicaily sampled and is not 100% tested. 
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AC Characteristics (Ta = -40 ~ 85°C, Vpo = 5V±10%) 


Read Cycle 




TC554161FTI 


SYMBOL 

PARAMETER 

-85 

-10 

UNIT 



MIN. 

MAX. 

MIN. 

MAX. 


^RC 

Read Cycle Time 

85 

- 

100 

- 


^^ACC 

Address Access Time 

- 

85 

- 

100 


tco 

CE Access Time 

- 

85 

- 

100 


tOE 

OE Access Time 

- 

45 

- 

50 


^BA 

UB, LB Access Time 

- 

45 

- 

50 


^OH 

Output Data Hold Time from Address 
Change 

10 

- 

10 

- 

ns 

tcOE 

Output Enable Time from CE 

5 

- 

5 

- 


toEE 

Output Enable Time from OE 

0 

- 

0 

- 


^BE 

Output Enable Time from UB, LB 

0 

- 

0 

- 


^OD 

Output Disable Time from CE 

- 

35 

- 

40 


*000 

Output Disable Time from OE 

- 

35 

- 

40 


*BD 

Output Disable Time from UB, LB 

- 

35 

- 

40 



Write Cycle 




TC554161FTI 


SYMBOL 

PARAMETER 

-85 

-10 

UNIT 



MIN. 

MAX. 

MIN. 

MAX. 


*wc 

Write Cycle Time 

85 

- 

100 

- 


*WP 

Write Pulse Width 

55 

- 

60 

- 


*cw 

Chip Enable to End of Write 

70 

- 

80 

- 


*BW 

UB, LB Enable to End of Write 

55 

- 

60 

- 


*AS 

Address Setup Time 

0 

- 

0 

- 

ns 

*WR 

Write Recovery Time 

0 

- 

0 

- 

*DS 

Data Setup Time 

35 

- 

40 

- 


*DH 

Data Hold Time 

0 

- 

0 

- 


*OEW 

Output Enable Time from R/W 

0 

- 

0 

- 


*ODW 

Output Disable Time from RA/V 

- 

35 

- 

40 



AC Test Conditions 


Input Pulse Levels 

2.6V/0.4V 

Input Pulse Rise and Fall Time 

6ns 

Input Timing Measurement Reference Level 

1.5V 

Output Timing Measurement Reference Level 

1.5V 

Output Load 

1 TTL Gate and Cl = 10OpF 
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Timing Waveforms 

Read Cycle 



Write Cycle 1 (R/W Controlled Write) 


ADDRESSES 


R/W 


UB, LB 


Dout 
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Static RAM 
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Notes: 

1. RAA/ is High for Read Cycle. 

2. Assuming that the CE Low transition occurs coincident with or after the RAV Low transition, Outputs remain in a high 
impedance state. 

3. Assuming that CE High transition occurs coincident with or prior to the RAN High transition, Outputs remain in a high 
impedance state. 

4. Assuming that is High for a Write Cycle, Outputs are in a high impedance state during this period. 

5. The I/O may be in the output state during this time, input signals of opposite phase must not be applied. 
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Data Retention Characteristics (Ta = 0 ~ 70°C) 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

I 

Q 

> 

Data Retention Supply Voltage 

2.0 

- 

5.5 

V 

IdDS2 

Standby Current 

Vdd = 3.0V 



100 

liA 

Vdd = 5.5V 

- 

- 

200 

tcDR 

Chip Deselect to Data Retention Mode 

0 

- 

- 

ns 


Recovery Time 

5 

- 

- 

ms 


CE Controlled Data Retention Mode 


Voo 

4.5V 


V|H 

u 





GND --- 

Note: 

1. If the V||_| of CE is 2.2V in operation, during the period that the Vqd voltage is going down from 4.5V to 2.4V, Ippsi 
current flows. 
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Notes 


1. This technical data may be controlled under U.S. Export Administration Regulations and may be subject to the approval of the U.S. Department of Commerce prior to export. Any export or re-export, directly or indi¬ 
rectly, in contravention of the U.S. Export Administration Regulations is strictly prohibited. 

2. LIFE SUPPORT POLICY 

Toshiba products described in this document are not authorized for use as critical components in life support systems without the written consent of the appropriate officer of Toshiba America, Inc. Life support sys¬ 
tems are either systems intended for surgical implant in the body or systems which sustain life. 

A critical component in any component of a life support system whose failure to perform may cause a malfunction of the life support system, or may affect its safety or effectiveness. 

3. The information in this document has been carefully checked and is believed to be reliable: however no responsibility can be assumed for inaccuracies that may not have been caught. All information in this data book 
is subject to change without prior notice. Furthermore, Toshiba cannot assume responsibility for the use of any license under the patent rights of Toshiba or any third parties. 
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TOSHIBA 


TC554161Fn-85L/10L 

SILICON GATE CMOS PRELIMINARY 

262,144 WORD x 16 BIT STATIC RAM 



Description 

The TC554161FTI is a 4,194,304 bits static random access memory organized as 262,144 words by 16 bits using CMOS 
technology, and operated from a single 5V power supply. Advanced circuit techniques provide both high_speed and low 
power features with an operating current of 10mA/MHz (typ.) and a minimum cycle time of 85ns. When CE is a logical high, 
the device is placed in a low power ^ndby mode in which the standby current is 1 40 |jA (max.). The TC554161 FTI has two 
control inputs. A Chip Enable input (CE) allows for device selection and data retention control, while an Outpi^ Enable input 
(OE) provides fast memory access. Also, it allows that lower and upper byte access by Data Byte Control (LB, UB). The 
TC554161 FTI is suitable for use in microprocessor application systems where high speed, low power battery backup are 
required, and wide operating temperature. 

The TC554161 FTI is offered in a 54-pin thin small outline plastic package. 


Features 

• Low power dissipation: 55mW/MHz (typ.) 

• Standby current: 8|iA (max.) at Ta = 25°C 

• 5V single power supply 

• Access time (max.) 



TC554161FTI 

-85 

-10 

Access Time 

85ns 

100ns 

^ Access Time 

86ns 

100ns 

OE Access Time 

45ns 

50ns 


• Power down feature: CE 

• Data retention supply voltage: 2.0 ~ 5.5V 

• Inputs and outputs directly TTL compatible 

• Package TC554161 FTI : TSOP54-P-400 

• Wide temperature operation: -40 ~ 85°C 


Pin Names 


AO-A17 

Address Inputs 

1/01 - 1/016 

Data Inputs/Outputs 


Chip Enable Input 

Fi/W 

Read/Write Control Input 

OE 

Output Enable Input 

lb,Ub 

Data Byte Control Input 

Q 

Q 

> 

Power (+5V) 

GND 

Ground 

N.C. 

No Connection 

OR* 

Option 


Pin Connection (Top View) 


N.C. C 

lO 

54 

3 A4 

A3 c 

2 

53 

3 A5 

A2 C 

3 

52 

D A6 

A1 C 

4 

51 

3A7 

AO C 

5 

50 

3 N.C. 

1/016 C 

6 

49 

3 l/Ol 

1/015 C 

7 

48 

31/02 

VrcC 

8 

47 

3 Vcc 

GNDC 

9 

46 

3 GND 

1/014 C 

10 

45 

01/03 

1/013 C 

11 

44 

0 1/04 

UB C 

12 

43 

] LB 

CE C 

13 

42 

3^ 

OP, C 

14 

41 

3 OP. 

R/W C 

15 

40 

3 N.C. 

1/012 C 

16 

39 

3 1/05 

1/011 C 

17 

38 

3 1/06 

GND C 

18 

37 

3 GND 

Vcc c 

19 

36 ! 

3 Vcc 

1/010 C 

20 

35 

3 1/07 

1/09 C 

21 

34 

31/08 

N.C C 

22 

33 

3 A8 

A17 C 

23 

32 

3 A9 

A16 C 

24 

31 

3 AlO 

A15 C 

25 

30 

3 All 

A14 C 

26 

29 

3 A12 

A13 C 

27 

28 

3 N.C. 


* OR pin must be connected to GND or open. 
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TC554161FTI-85L/10L 


Static RAM 


SR04040295 


Block Diagram 



Operating Mode 


OPERATING MODE 

CE 

OE 

R/W 

LB 

UB 

1/01 ~ I/08 

I/09 ~ I/016 

POWER 

Read 

L 

L 

H 

L 

L 

Output 

Output 

■ddo 

K 

L 

High Impedance 

Output 

•ddo 

L 

H 

Output 

High Impedance 

Iddo 

Write 

L 

* 

L 

L 

L 

Input 

Input 

•ddo 

H 

L 

High Impedance 

Input 

•ddo 

L 

H 

Input 

High Impedance 

Iddo 

Output Deselect 

L 

H 

H 

* 

* 

High Impedance 

High Impedance 

Iddo 

L 

* 

* 

H 

H 

Standby 

H 

* 

* 

* 

* 

High Impedance 

High Impedance 

Idds 


*H orL 


Maximum Ratings 


SYMBOL 

ITEM 

RATING 

UNIT 

^DD 

Power Supply Voltage 

o 

1 

CO 

CD 

V 

V|N 

Input Terminal Voltage 

-0.3* ~ 7.0 

V 

V|/0 

Input/Output Terminal Voltage 

-0.5*~Vdd + 0.5 

V 

Pd 

Power Dissipation 

0.6 

W 

Tsolder 

Soldering Temperature (1 Os) 

260 


Tstrg 

Storage Temperature 

-55 ~150 

°c 

Tqpr 

Operating Temperature 

-40 ~ 85 

°c 


* -3.0V at pulse width 30ns Max. 
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SR04040295 


Static RAM 


TC554161FTI-85L/10L 


DC Recommended Operating Conditions (Ta = -40 ~ 85°C) 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

Q 

Q 

> 

Power Supply Voltage 

4.5 

5.0 

5.5 

V 

V|H 

Input High Voltage 

2.4 

- 

Vdd + 0-3 

V|L 

Input Low Voltage 

-0.3* 

- 

0.6 

Vdh 

Data Retention Supply Voltage 

2.0 

- 

5.5 


* -3.0V with a pulse width of 30ns 


DC and Operating Characteristics (Ta = -40 ~ 85°C, Vqd = 5V±10%) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

Ili 

Input Leakage Current 

V|n = 0-Vdd 

- 

- 

±1.0 

^lA 

•lo 

Output Leakage Current 

CE = V|H or R/W = V,L or OE = V|h 

VouT = 0 ~ Vdd 

- 

- 

±1.0 

ilia 

•oh 

Output High Current 

Voh = 2.4V 

-1.0 

- 

- 

mA 

•OL 

Output Low Current 

Vol = 0.4V 

2.1 

- 

- 

mA 

•ddoi 

Operating Current 

CE = V||_, Iqlit “ 0mA 

Other Inputs = V|hA/|i_ 

^cycle 

70ns 

- 

- 

110 

mA 

85ns, 

10ns 

- 

- 

100 

1[iS 

- 

15 

- 

•dD02 

CE = 0.2V, Iqut = 0mA 

Other Inputs = V|h/V|l 

tcycle 

70ns 

- 

- 

100 

85ns, 

10ns 

- 

- 

90 

1|IS 


10 

- 

•ddsi 

•dDS2 

Standby Current 

CE = V|H, Other Inputs = V|hA/|l 

- 

- 

3 

mA 

CE = Vdd - 0-2V 

Vdd = 2.0V ~ 5.5V 

Ta = -40 - 85°C 

- 

- 

140 

^lA 

Ta = 25°C 

- 

4 

8 


Capacitance (Ta = 25°C, f = 1.0MHz) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MAX. 

UNIT 

C|N 

Input Capacitance 

V|N = GND 

10 

pF 

Cqut 

Output Capacitance 

Vout = GND 

10 


Note: This parameter is periodically sampled and is not 100% tested. 
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Static RAM 


SR04040295 


AC Characteristics {Ta = -40 ~ 85°C, Vqq = 5V±10%) 


Read Cycle 




TC554161FTI 


SYMBOL 

PARAMETER 

-85L 

-10L 

UNIT 



MIN. 

MAX. 

MIN. 

MAX. 


tRC 

Read Cycle Time 

85 

- 

100 

- 


Ucc 

Address Access Time 

- 

85 

- 

100 


tco 

CE Access Time 

- 

85 

- 

100 


toE 

OE Access Time 

- 

45 

- 

50 


^BA 

UB, LB Access Time 

- 

45 

- 

50 


tOH 

Output Data Hold Time from Address 
Change 

10 

- 

10 

- 

ns 

tcOE 

Output Enable Time from CE 

5 

- 

5 

- 


tOEE 

Output Enable Time from OE 

0 

- 

0 

- 


^BE 

Output Enable Time from UB, LB 

0 

- 

0 

- 


*00 

Output Disable Time from CE 

- 

35 

- 

40 


toDO 

Output Disable Time from OE 

- 

35 

- 

40 


^BD 

Output Disable Time from UB, LB 

- 

35 

- 

40 



Write Cycle 




TC554161FTI 


SYMBOL 

PARAMETER 

-85L 

-10L 

UNIT 



MIN. 

MAX. 

MIN. 

MAX. 


%c 

Write Cycle Time 

85 


100 

- 


twp 

Write Pulse Width 

55 

- 

60 

- 


tew 

Chip Enable to End of Write 

70 

- 

80 

- 


tBW 

UB, LB Enable to End of Write 

55 

- 

60 

- 


tAS 

Address Setup Time 

0 

- 

0 

- 

ns 

tWR 

Write Recovery Time 

0 

- 

0 

- 

tos 

Data Setup Time 

35 

- 

40 

- 


toH 

Data Hold Time 

0 

- 

0 

- 


tOEW 

Output Enable Time from R/W 

0 

- 

0 

- 


toDW 

Output Disable Time from R/W 

- 

35 

- 

40 



AC Test Conditions 


Input Pulse Levels 

2.6V/0.4V 

Input Pulse Rise and Fall Time 

5ns 

Input Timing Measurement Reference Level 

1.5V 

Output Timing Measurement Reference Level 

1.5V 

Output Load 

1 TTL Gate and Cl = 10OpF 
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SR04040295 


Static RAM 


TC554161FTI-85L/10L 





























SR04040295 


Static RAM 


TC554161FTI-85L/10L 


Notes: 

1. RAA/ is high for Read Cycle. 

2. Assuming that CE Low transition occurs coincident with or after the R/W Low transition, Outputs remain in a high 
impedance state. 

3. Assuming that CE High transition occurs coincident with or prior to the RAA/ High transition, Outputs remain in a high 
impedance state. 

4. Assuming that OE is High for a Write Cycle, the Outputs are in a high impedance state during this period. 

5. The I/O may be in the output state during this time, input signals of opposite phase must not be applied. 
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Data Retention Characteristics (Ta = -40 ~ 85°C) 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

Vdh 

Data Retention Supply Voltage 

2.0 

- 

5.5 

V 

IdDS2 

Standby Current 

Vdh = 3.0V 

- 

- 

70* 

ixA 

Vdh = 5.5V 

- 

- 

140 

^CDR 

Chip Deselect to Data Retention Mode 

0 

- 

- 

ns 


Recovery Time 

5 

- 

- 

ms 


*6|jA (max.) Ta = 0 ~ 40°C 

CE Controlled Data Retention Mode 



GND 


Note: 

1. If the V|H of CE is 2.2V in operation, during the period that the Vqq voltage is going down fronn 4.5V to 2.4V, Ippsi 
current flows. 
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Static RAM 


TC554161FTI-85I-/10L 



A. Standard 
Static RAM 

















TC554161FTI-85L/10L 


Static RAM 


SR04040295 


Notes 


1. This technical data may be controlled under U.S. Export Administration Regulations and may be subject to the approval of the U.S. Department of Commerce prior to export. Any export or re-export, directly or indi¬ 
rectly, in contravention of the U.S. Export Administration Regulations is strictly prohibited. 

2. LIFE SUPPORT POLICY 

Toshiba products described in this document are not authorized for use as critical components in life support systems without the written consent of the appropriate officer of Toshiba America, Inc. Life support sys¬ 
tems are either systems intended for surgical implant in the body or systems which sustain life. 

A critical component in any component of a life support system whose failure to perform may cause a malfunction of the life support system, or may affect its safety or effectiveness. 

3. The information in this document has been carefully checked and is believed to be reliable: however no responsibility can be assumed for inaccuracies that may not have been caught. All information in this data book 
is subject to change without prior notice. Furthermore, Toshiba cannot assume responsibility for the use of any license under the patent rights of Toshiba or any third parties. 
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SILICON GATE CMOS 

262,144 WORD x 16 BIT STATIC RAM 



Description 

The TC554161FTI is a 4,194,304 bits static random access memory organized as 262,144 words by 16 bits using CMOS 
technology, and operated from a single 3.0 ~ 5.5V power supply. Advanced circuit techniques provide both t^h speed and 
low power features with an operating current of 10mA/MHz (typ.) and a minimum cycle time of 85ns. When CE is a logical 
high, the device is placed in a low power standby mode in which the standby current is 60}aA (max.). The TC554161 FTI has 
two control inputs. _ _ 

A Chip Enable input (CE) allows for device selection and data retention control, while an Output Enable input (OE) pro¬ 
vides fast memory access. Also, it allows that lower and upper byte access by Data Byte Control (LB, UB). The 
TC554161 FTI is suitable for use in microprocessor application systems where high speed, low power, and battery backup 
are required. 

The TC554161 FTI is offered in a 54-pin thin small outline plastic package. 


Features 

• Low power dissipation: 55mW/MHz (typ.) 

• Standby current: SjiA (max.) at Ta = 25°C 

® 5V single power supply 

® Access time (max.) 



5V±10% 

3.0V ~ 5.5V 


-85V 

-10V 

-85V/-10V 

Access Time 

85ns 

100ns 

150ns 

CE Access Time 

85ns 

100ns 

150ns 

OE Access Time 

45ns 

50ns 

75ns 


® Power down feature: CE 

® Data retention supply voltage: 2.0 ~ 5.5V 

® Inputs and outputs directly TTL compatible 
® Package TC554161 FTI : TSOP54-P-400 
® Wide temperature operation: -40 ~ 85°C 

Pin Names 


A0~ A17 

Address Inputs 

1/01 - 1/016 

Data Inputs/Outputs 


Chip Enable Input 

R/W 

Read/Write Control Input 

OE 

Output Enable Input 

lb,Ub 

Data Byte Control Input 

Vdd 

Power (+5V) 

GND 

Ground 

N.C. 

No Connection 

OR* 

Option 


* OP. pin must be connected to GND or ope. 



TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 


A-163 


A. Standard 
Static RAM 
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Static RAM 
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Block Diagram 



Operating Mode 


OPERATING MODE 

CE 

OE 

R/W 

LB 

UB 

1/01 ~ I/08 

I/09 ~ I/016 

POWER 

Read 

L 

L 

H 

L 

L 

Output 

Output 

•ddo 

K 

L 

High impedance 

Output 

•ddo 

L 

H 

Output 

High Impedance 

Iddo 

Write 

L 

* 

L 

L 

L 

Input 

Input 

•ddo 

H 

L 

High Impedance 

Input 

■ddo 

L 

H 

Input 

High Impedance 

■ddo 

Output Deselect 

L 

H 

H 

* 

* 

High impedance 

High Impedance 

Iddo 

L 

* 

* 

H 

H 

Standby 

H 

* 

* 

* 

* 

High Impedance 

High Impedance 

■dds 


*H orL 


Maximum Ratings 


SYMBOL 

ITEM 

RATING 

UNIT 

Vdd 

Power Supply Voltage 

o 

i 

CO 

o 

V 

V|N 

Input Voltage 

-0.3* ~ 7.0 

V 

V|/0 

input and Output Voltage 

-0.5*~Vdd + 0.5 

V 

Pd 

Power Dissipation 

0.6 

W 

Tsolder 

Soldering Temperature (10s) 

260 

°c 

Tstrg 

Storage Temperature 

-55 ~ 150 


Tqpr 

Operating Temperature 

-40 ~ 85 



* -3.0V with a pulse width of 30ns 
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SR04051095 Static RAM TC554161FTI-85V/1OV 


DC Recommended Operating Conditions (Ta = -40 ~ 85°C) 


SYMBOL 

PARAMETER 

5V±10% 

30% ~ 5.5V 

UNIT 



MIN. 

TYP. 

MAX. 

MIN. 

TYP. 

MAX. 

UNIT 

Q 

Q 

> 

Power Supply Voltage 

4.5 

5.0 

5.5 

3.0 

- 

5.5 

V 

V|H 

Input High Voltage 

2.4 

- 

Vdd + 0.3 

Vdd - 0.2 

- 

Vdd + 0.3 

V|L 

Input Low Voltage 

-0.3* 

- 

0.6 

-0.3* 


0.2 

Vdh 

Data Retention Supply Volt¬ 
age 

2.0 

- 

5.5 

2.0 

- 

5.5 


* -3.0V with a pulse width of 30ns 


DC and Operating Characteristics (Ta = -40 - 85°C, Vdd = 5V±10%) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

ly 

Input Leakage Current 

Q 

Q 

> 

1 

O 

II 

z 

> 

- 

- 

+1.0 

|iA 

■lo 

Output Leakage Current 

CE = V|H or R/W = V,L or ^ = V|h 

Vqut = 0 - Vdd 

- 


±1.0 

^A 

•oh 

Output High Current 

Vqh = 2.4V 

-1.0 

- 

- 

mA 

■OL 

Output Low Current 

Vql = 0.4V 

2.1 

- 

- 

mA 

•ddoi 

Operating Current 

CE = V|L, Iqut = 0mA 
Other Inputs = V|h/V|l 

^cycle 

Min. 

- 

- 

100 

mA 

1|J.S 

- 

15 

- 

■dD02 

CE = 0.2V, Iqut = 0mA 
Other Inputs = V|hA/|l 

^cycle 

Min. 

- 

- 

90 

1|XS 

- 

10 

- 

•ddsi 

Standby Current 

CE = V|H, Other Inputs = V|h/V|l 

- 

- 

3 

mA 

IdDS2 

CE = Vdd - 0.2V 

Vdd = 2.0V ~ 5.5V 

Ta = -40 ~ 85°C 

- 

- 

140 

liA 

Ta = 25°C 

- 

4 

8 

Vdd = 3.0V 

Ta = -40 - 85°C 

- 

- 

70 

Ta = -40 ~ 40°C 

- 

- 

6 

Ta = 25°C 

- 

2 

- 

DC and Operating Characteristics i 

Ta = -40 ~ 85°C, Vqd = 3.3V+0.3V) 

SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

ly 

Input Leakage Current 

V|N = 0 - Vdd 

- 

- 

±1.0 

hA 

■lo 

Output Leakage Current 

^ = V,H or RAN = V,L or OE = V,h 
^ ouT = 0 ~ Vdd 

- 

- 

±1.0 

liA 

Iqh 

Output High Current 

Vqh = 2.4V 

-1.0 

- 

- 

mA 

Iql 

Output Low Current 

Vql = 0.4V 

0.1 


- 

mA 

•dD02 

Operating Current 

CE = 0.2V, Iqut = 0mA 
Other Inputs = V|h/Vii_ 

Tcycle 

MIN. 

- 

- 

35 

mA 

1|J.S 

- 

5 

- 

•dDS2 

Standby Current 

^ = Vdd 0.2V 

Vdd = 3.3V ± 0.3V 

Ta = -40 ~ 85°C 

- 

- 

90 

^lA 

Ta = 25°C 

- 

2 

4 

Vdd = 3.3V 

Ta = -40 85°C 

- 

- 

80 

Ta = -40 - 40°C 

- 

- 

8 

Ta = 25°C 

- 

2 

- 

Capacitance (Ta = 25°C, f = 1.0MHz) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MAX. 

UNIT 


C|N 

Input Capacitance 

V|N = GND 

10 



Gout 

Output Capacitance 

VouT = GND 

10 

pr 


Note; sampled arTt^ieA^^Mf^tBl^ICA ELECTRONIC COMPONENTS, INC. 
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AC Characteristics (Ta = -40 ~ 85°C, Vqd = 5V±10%) 


Read Cycle 




TC554161FTI 


SYMBOL 

PARAMETER 

-85V 

-10 V 

UNIT 



MIN. 

MAX. 

MIN. 

MAX. 


tpc 

Read Cycle Time 

85 

- 

100 

- 


^ACC 

Address Access Time 

- 

85 

- 

100 


*00 

CE Access Time 

- 

85 

- 

100 


*0E 

OE Access Time 

- 

45 

- 

50 


*BA 

UB, LB Access Time 

- 

46 

- 

50 


*0H 

Output Data Hold Time from Address 
Change 

10 

- 

10 

“ 

ns 

*COE 

Output Enable Time from CE 

5 

- 

5 

- 


*0EE 

Output Enable Time from OE 

0 

- 

0 

- 


*BE 

Output Enable Time from UB, LB 

0 

- 

0 

- 


*0D 

Output Disable Time from CE 

- 

35 

- 

40 


*0D0 

Output Disable Time from OE 

- 

35 

- 

40 


*BD 

Output Disable Time from UB, LB 

- 

35 

- 

40 



Write Cycle 




TC554161FTI 


SYMBOL 

PARAMETER 

-85V 

-10 V 

UNIT 



MIN. 

MAX. 

MIN. 

MAX. 


*wc 

Write Cycle Time 

85 

- 

100 

- 


*WP 

Write Pulse Width 

55 

- 

60 

- 


*cw 

Chip Enable to End of Write 

70 

- 

80 

- 


*BW 

UB, LB Enable to End of Write 

55 

- 

60 

- 


*AS 

Address Setup Time 

0 

- 

0 

- 


*WR 

Write Recovery Time 

0 

- 

0 

- 


*DS 

Data Setup Time 

35 

- 

40 

- 


*DH 

Data Hold Time 

0 

- 

0 

- 


*OEW 

Output Enable Time from R/W 

0 

- 

0 

- 


*ODW 

Output Disable Time from R/W 


35 

_1 

- 

40 



AC Test Conditions 


Input Pulse Levels 

2.6V/0.4V 

Input Pulse Rise and Fall Time 

5ns 

Input Timing Measurement Reference Level 

1.5V 

Output Timing Measurement Reference Level 

1.5V 

Output Load 

1 TTL Gate and Cl = 10OpF 
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Static RAM 


TC554161FTI-85V/10V 


AC Characteristics (Ta = -40 ~ 85°C, VpQ = 3.0V ~ 5.5V) 


Read Cycle 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNIT 

tRC 

Read Cycle Time 

150 

- 


^ACC 

Address Access Time 

- 

150 


tco 

CE Access Time 

- 

150 


toE 

OE Access Time 

- 

75 


^BA 

UB, LB Access Time 

- 

75 


^OH 

Output Data Hold Time from Address 
Change 

10 

- 

ns 

tcOE 

Output Enable Time from CE 

5 

- 


^OEE 

Output Enable Time from OE 

0 

- 


^BE 

Output Enable Time from UB, LB 

0 

- 


too 

Output Disable Time from CE 

- 

50 


^ODO 

Output Disable Time from OE 

- 

50 


^BD 

Output Disable Time from UB, LB 

- 

50 



Write Cycle 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNIT 

Wc 

Write Cycle Time 

150 

- 

ns 

twp 

Write Pulse Width 

100 

- 


Chip Enable to End of Write 

120 

- 

^BW 

UB, LB Enable to End of Write 

100 

- 

^AS 

Address Setup Time 

0 

- 


Write Recovery Time 

0 

- 

^DS 

Data Setup Time 

60 

- 

^DH 

Data Hold Time 

0 

- 

toEW 

Output Enable Time from RAA/ 

0 

- 

^ODW 

Output Disable Time from RA/V 

- 

50 


AC Test Conditions 


Input Pulse Levels 

Vdd - 0.2V/0.2V 

Input Pulse Rise and Fall Time 

5ns 

Input Timing Measurement Reference Level 

1.5V 

Output Timing Measurement Reference Level 

1.5V 

Output Load 

lOOpF (Include Jig) 
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SR04051095 


Static RAM 


TC554161FTI-85V/10V 












TC554161FTI-85V/10V 


Static RAM 


SR04051095 


Notes; 

1. RAN is High for Read Cycle. 

2. Assuming that CE Low transition occurs coincident with or after the RAN Low transition, Outputs remain in a high 
impedance state. 

3. Assuming that CE High transition occurs coincident with or prior to the RAV High transition, Outputs remain in a high 
impedance state. 

4. Assuming that OE is High for a write cycle, the Outputs are in a high impedance state during this period. 

5. The I/O may be in the output state during this time, input signals of opposite phase must not be applied. 
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Static RAM 
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Data Retention Characteristics (Ta = -40 ~ 85°C) 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

Vdh 

Data Retention Supply Voltage 

2.0 

- 

5.5 

V 

■dDS2 

Standby Current 

Vdh = 3.3V 

- 

- 

80* 

ha 

Vdh = 5.5V 

- 

- 

140 

tcDR 

Chip Deselect to Data Retention Mode 

0 

- 

- 

ns 


Recovery Time 

5 

- 

- 

ms 


*8\JiA (max.) Ta = -40 ~ 40°C 


CE Controlled Data Retention Mode 



GND 


Note: 

1. If the ViH of CE is 2.2V in operation, during the period that the Vqd voltage is going down from 4.5V to 2.4V, l□□s-| 
current flows. 
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TC554161FTI-85V/10V 


Static RAM 


SR04051095 


Outline Drawing 

TSOP54-P-400 Unit in mm 



1. This technical data may be controiled under U.S. Export Administration Regulations and may be subject to the approval of the U.S. Department of Commerce prior to export. Any export or re-export, directly or indi¬ 
rectly, in contravention of the U.S. Export Administration Regulations is strictly prohibited. 

2. LIFE SUPPORT POLICY 

Toshiba products described in this document are not authorized for use as critical components in life support systems without the written consent of the appropriate officer of Toshiba America, Inc. Life support sys¬ 
tems are either systems intended for surgical implant in the body or systems which sustain life. 

A critical component in any component of a life support system whose failure to perform may cause a malfunction of the life support system, or may affect its safety or effectiveness. 

3. The information in this document has been carefully checked and is believed to be reliable; however no responsibility can be assumed for inaccuracies that may not have been caught. All information in this data book 
is subject to change without prior notice. Furthermore, Toshiba cannot assume responsibility for the use of any license under the patent rights of Toshiba or any third parties. 
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TOSHIBA 


TC554161FIL-70V/85V 

PRELIMINARY 

SILICON GATE CMOS 

262,144 WORD x 16 BIT STATIC RAM 


Description 

The TC554161FTL is a 4,194,304 bits static random access memory organized as 262,144 words by 16 bits a using 

CMOS technology, and operated from a single 3.0 ~ 5.5V power supply. Advanced circuit techniques provide both high_ 

speed and low power features with an operating current of lOmA/MHz (typ.) and a minimum cycle time of 70ns. When CE 
is a logical high, the device is placed in a low power standby mode in which the standby current is 4jiA (max.). The 

TC554161 FTL has two control inputs. _ 

A Chip Enable input (CE) allows for device selection and data retention control, while an Output Enable input (OE) pro¬ 
vides fast memory access. Also, it allows that lower and upper byte access by Data Byte Control (LB, UB). The 
TC554161 FTL is suitable for use in various microprocessor application systems where high speed, low power, and battery 
backup are required. 

The TC554161 FTL is offered in a 54-pin thin small outline plastic package. 


Features 

® Low power dissipation: 55mW/MHz (typ.) 

® Standby current: SjoA (max.) at Ta = 25°C 

® Single power supply: 3.0 ~ 5.5V 

o Access time (max.) 



5V±10% 

3.0V ~ 5.5V 

-70V 

-85V 

-70V/-85V 

Access Time 

70ns 

85ns 

150ns 

CE Access Time 

70ns 

85ns 

150ns 

OE Access Time 

35ns 

45ns 

75ns 


® Power down feature: CE 

® Data retention supply voltage: 2.0 ~ 5.5V 

® Inputs and outputs TTL compatible 
® Package TC554161 FTL : TSOP54-P-400 


Pin Names 


A0~A17 

Address Inputs 

1/01 - 1/016 

Data (nputs/Outputs 

CE 

Chip Enable Input 

RAN 

Read/Write Control Input 

OE 

Output Enable Input 

LB, UB 

Data Byte Control Input 

Vdd 

Power (+5V) 

GND 

Ground 

N.C. 

No Connection 

OP.* 

Option 


Pin Connection (Top View) 


N.C 

10 

54 

3 A4 

A3 C 

2 

53 

D A5 

A2 C 

3 

52 

: A6 

At C 

4 

51 

: A7 

AO C 

5 

50 

3 N.C 

1/016 C 

6 

49 

3 1/01 

1/015 C 

7 

48 

3 1/02 

VccC 

8 

47 

3 Vcc 

GND C 

9 

46 

3 GND 

1/014 C 

10 

45 

3 1/03 

1/013 C 

11 

44 

3 1/04 

UB C 

12 

43 

3 LB 

CE C 

13 

42 

3 OE 

OP. C 

14 

41 

3 OP. 

R/W C 

15 

40 

3 N.C. 

1/012 C 

16 

39 

3 1/05 

1/011: 

17 

38 

3 1/06 

GND C 

18 

37 

3 GND 

Vcc c 

19 

36 

3 Vcc 

1/010 C 

20 

35 

3 1/07 

1/09 C 

21 

34 

3 1/08 

N.C. C 

22 

33 

3 A8 

A17 C 

23 

32 

3 A9 

A16 C 

24 

31 

3 A10 

A15 C 

25 

30 

3 All 

A14 C 

26 

29 

3 A12 

A13 C 

27 

28 

3 N.C 


* OR pin must be connected to GND or open. 
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TC554161FTL-70V/85V 


Static RAM 


SR04060795 


Block Diagram 



Operating Mode 


OPERATING MODE 

CE 

OE 

R/W 

LB 

UB 

1/01 ~ 1/08 

1/09 ~ 1/016 

POWER 

Read 

L 

L 

H 

L 

L 

Output 

Output 

•ddo 

W 

L 

High Impedance 

Output 

•ddo 

L 

H 

Output 

High Impedance 

•ddo 

Write 

L 

* 

L 

L 

L 

Input 

Input 

•ddo 

H 

L 

High Impedance 

Input 

•ddo 

L 

H 

Input 

High Impedance 

Iddo 

Output Deselect 

L 

H 

H 

* 

* 

High Impedance 

High Impedance 

•ddo 

L 

* 

* 

H 

H 

Standby 

H 

* 

* 

★ 

* 

High Impedance 

High Impedance 

•dds 


*H orL 


Maximum Ratings 


SYMBOL 

ITEM 

RATING 

UNIT 

Vdd 

Power Supply Voltage 

-0.3 ~ 7.0 

V 

V|N 

Input Voltage 

-0.3* - 7.0 

V 

V|/0 

Input and Output Voltage 

-0.5*~Vdd + 0.5 

V 

Pd 

Power Dissipation 

0.6 

w 

^SOLDER 

Soldering Temperature (10s) 

260 


Tstrg 

Storage Temperature 

-55-150 

°c 

Tqpr 

Operating Temperature 

0-70 

°c 


* -3.0V at pulse width of 30ns Max. 
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Static RAM 


TC554161FTL-70V/85V 


DC Recommended Operating Conditions (Ta = 0 ~ 70°C) 


SYMBOL 

PARAMETER 

5V±10% 

3.0-5.5V 

UNIT 

MIN. 

TYP. 

MAX. 

MIN. 

TYP. 

MAX. 

Vdd 

Power Supply Voltage 

4.5 

5.0 

5.5 

3.0 

5.0 

5.5 

V 

VlH 

Input High Voltage 

2.2 

- 

Vod + 0.3 

Vdd-2.2 

- 

Vdd + 0.3 

V|L 

Input Low Voltage 

-0.3* 

- 

0.8 

-0.3* 

- 

0.2 

Vdh 

Data Retention Supply Voltage 

2.0 

- 

5.5 

2.0 

- 

5.5 


* -3.0V at pulse width 30ns Max. 


DC and Operating Characteristics (Ta = 0 ~ 70°C, VpD = 5V±10%) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

lu 

Input Leakage Current 

V|N = 0 ~ Vqq 

- 

- 

±1.0 

mA 

•lo 

Output Leakage Current 

^ = V|H orR/W = V|Lor0E = V,H 

VouT = 0 ~ Ydd 

- 

- 

±1.0 

mA 

•oh 

Output High Current 

Voh = 2.4V 

-1.0 

- 

- 

mA 

■OL 

Output Low Current 

Vol = 0.4V 

2.1 

- 

- 

mA 

•ddoi 

Operating Current 

CE = V|L, Iqut = OniA 
Other Inputs = V|h/ 
ViL 

^cycle 

70ns 

- 

- 

110 

mA 

85ns 

- 

- 

100 

Ips 

- 

15 

- 

•dD02 

CE = V|L, Iqut = OniA 
Other Inputs = V|h/ 
VlL 

^cycle 

70ns 

- 

- 

100 

mA 

85ns 

- 

- 

90 

Ips 

- 

10 

- 

•ddsi 

Standby Current 

CE = V|H, Other Inputs = V|h/V|l 

- 

- 

3 

mA 

•dDS2 

CE = Vdd-0.2V 

Vdd-0.2V~ 

5.5V 

Ta = 0 - 70°C 

- 

- 

60 

pA 

Ta = 25°C 

- 

4 

8 

Vdd-3.0V 

Ta = 0 ~ 70°C 

- 

- 

30 

Ta = 0-40°C 

- 

- 

6 

Ta = 25°C 

- 

2 

- 


DC and Operating Characteristics (Ta = 0 ~ 70°C, = 3.3V±0.3V) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

lu 

Input Leakage Current 

V|fj = 0 ~ Vqo 

- 

- 

±1.0 

mA 

•lo 

Output Leakage Current 

^ = V|H orR/W = V,LorOE = V|H 

VouT = 0 ~ Vdq 

- 

- 

±1.0 

mA 

•oh 

Output High Current 

Voh = 2.4V 

-1.0 

- 

- 

mA 

•OL 

Output Low Current 

Vol = 0.4V 

0.1 

- 

- 

mA 

■ 

Operating Current 

CE = 0.2V,Vdd- 
0.2V, louT = 0mA 
Other Inputs=VoD- 
0.2V/0.2V 

^cycle 

MIN. 

- 

- 

35 

mA 

Ips 

- 

5 


1 

Standby Current 

^=:Vdd-0.2V 

Vdd = 3.3V 
±0.3V 

Ta = 0-70°C 

- 

- 

40 

pA 

Ta = 25°C 

- 

2 

4 


Vdd = 3.3V 

Ta = 0 ~ 70°C 

- 

- 

35 


Ta = 0~40°C 

- 

- 

8 


Ta = 25°C 

- 

2 

- 
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TC554161FTL-70V/85V 


Static RAM 


SR04060795 


Capacitance (Ta = 25°C, f = 1 .OMHz) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MAX. 

UNIT 

C|N 

Input Capacitance 

V|N = GND 

10 

PF 

Cqut 

Output Capacitance 

Vout = GND 

10 


Note: This parameter is periodically sampled and is not 100% tested. 


AC Characteristics (Ta = 0 ~ 70°C, = 5V±10%) 


Read Cycle 




TC554161FTI 


SYMBOL 

PARAMETER 

-70V 

-85V 

UNIT 



MIN. 

MAX. 

MIN. 

MAX. 


he 

Read Cycle Time 

85 

- 

85 

- 


^ACC 

Address Access Time 


70 

- 

85 


ko 

CE Access Time 

- 

70 

- 

85 


kE 

OE Access Time 

- 

35 

- 

45 


kk 

UB, LB Access Time 

- 

35 

- 

45 


kw 

Output Data Hold Time from Address Change 

10 

- 

10 

- 

ns 

koE 

Output Enable Time from CE 

10 

- 

10 

- 

toEE 

Output Enable Time from OE 

5 

- 

5 

- 


^BE 

Output Enable Time from UB, LB 

5 

- 

5 

- 


ko 

Output Disable Time from CE 

- 

25 

- 

30 


toDO 

Output Disable Time from OE 

- 

25 

- 

30 


^BD 

Output Disable Time from UB, LB 

- 

25 

- 

30 


Write Cycle 



TC554161FTI 


SYMBOL 

PARAMETER 

-70V 

■85V 

UNIT 



MIN. 

MAX. 

MIN. 

MAX. 


twe 

Write Cycle Time 

70 

- 

85 

- 


twp 

Write Pulse Width 

50 

- 

55 

- 


tew 

Chip Enable to End of Write 

60 

- 

70 

- 


k\N 

UB, LB Enable to End of Write 

50 

- 

55 

- 


tAS 

Address Setup Time 

0 

- 

0 

- 


twR 

Write Recovery Time 

0 

- 

0 

- 


ks 

Data Setup Time 

30 

- 

35 

- 


kn 

Data Hold Time 

0 

- 

0 

- 


toEW 

Output Enable Time from R/W 

5 

- 

5 

- 


toDW 

Output Disable Time from R/W 

- 

25 

- 

30 


AC Test Conditions 





Input Pulse Levels 

2.4V/0.6V 


Input Pulse Rise and Fall Time 

5ns 


Input Timing Measurement Reference Level 

1.5V 


Output Timing Measurement Reference Level 

1.5V 


Output Load 

1 TTL Gate and Cl = lOOpF 
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AC Characteristics (Ta = 0 ~ 70°C, Vqd = 

3.0 ~ 5.5V) 


Read Cycle 




SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNIT 

tfiC 

Read Cycle Time 

150 

- 


Ucc 

Address Access Time 

- 

150 


^co 

CE Access Time 

- 

150 


toE 

OE Access Time 

- 

75 


^BA 

UB, LB Access Time 

- 

75 


toH 

Output Data Hold Time from Address 
Change 

10 

- 

ns 

tcOE 

Output Enable Time from CE 

10 

- 


toEE 

Output Enable Time from OE 

5 

- 


^BE 

Output Enable Time from UB, LB 

5 

- 



Output Disable Time from CE 

- 

50 


*000 

Output Disable Time from OE 

- 

50 


*BD 

Output Disable Time from UB, LB 

- 

50 


Write Cycle 

SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNIT 

*wc 

Write Cycle Time 

150 

- 


twp 

Write Pulse Width 

100 

- 


*cw 

Chip Enable to End of Write 

120 

- 


*BW 

UB, LB Enable to End of Write 

100 

- 


*AS 

Address Setup Time 

0 

- 

ns 

*WR 

Write Recovery Time 

0 

- 

*DS 

Data Setup Time 

60 

- 


*DH 

Data Hold Time 

0 

- 


*0EW 

Output Enable Time from R/\N 

5 

- 


*0DW 

Output Disable Time from RAA/ 

- 

50 


AC Test Conditions 

Input Pulse Levels 

Vdd - 0.2V/0.2V 

Input Pulse Rise and Fall Time 

5ns 

Input Timing Measurement Reference Level 

1.5V 

Output Timing Measurement Reference Level 

1.5V 

Output Load 

lOOpF (Include Jig) 
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Static RAM 


TC554161FTL-70V/85V 


Write Cycle 2 (CE Controlled Write) 



Write Cycle 3 (UB, LB Controlled Write) 
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Notes: 

1. RAN is High for Read Cycle. 

2. Assuming that CE Low transition occurs coincident with or after the RAV Low transition, Outputs remain in a high 
impedance state. 

3. Assuming that CE High transition occurs coincident with or prior to the RAN High transition, Outputs remain in a high 
impedance state. 

4. Assuming that OE is High for a Write Cycle, Outputs are in a high impedance state during this period. 

5. The I/O may be in the output state during this time, input signals of opposite phase must not be applied. 
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Data Retention Characteristics (Ta = 0 ~ 70°C) 


Static RAM 


TC554161FTL-70V/85V 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

Vdh 

Data Retention Supply Voltage 

2.0 

- 

5.5 

V 


Vdd = 3.3V 

QfnnHhv Oiirrpnt 

- 

- 

35* 

|iA 

IdDS2 

oidiiLiuy wuiidiii 

Vdd = 5.5V 

- 

- 

60 

tcDR 

Chip Deselect to Data Retention Mode 

0 

- 

- 

ns 


Recovery Time 

5 

- 

- 

ms 


*8nA (max.) Ta = 0 ~ 40°C 

CE Controlled Data Retention Mode 



1. If the V||_| of CE is 2.2V in operation, during the period that the V^q voltage is going down from 4.5V to 2.4V, Iddsi 
current flows. 
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Static RAM 


SR04060795 


Outline Drawing 

TSOP54-P-400 Unit in mm 


54 28 








1. This technical data may be controiled under U.S. Export Administration Regulations and may be subject to the approval of the U.S. Department of Commerce prior to export. Any export or re-export, directiy or indi¬ 
rectly, in contravention of the U.S. Export Administration Regulations is strictly prohibited. 

2. LIFE SUPPORT POLICY 

Toshiba products described in this document are not authorized for use as critical components in life support systems without the written consent of the appropriate officer of Toshiba America, Inc. Life support sys¬ 
tems are either systems intended for surgical implant in the body or systems which sustain life. 

A critical component in any component of a life support system whose failure to perform may cause a malfunction of the life support system, or may affect its safety or effectiveness. 

3. The information in this document has been carefully checked and is believed to be reliable; however no responsibility can be assumed for inaccuracies that may not have been caught. All information in this data book 
is subject to change without prior notice. Furthermore, Toshiba cannot assume responsibility for the use of any license under the patent rights of Toshiba or any third parties. 
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High Speed SRAM 


B. High Speed 
Static HAM 



TOSHIBA 


TC55V328AJ-15/17/20 


SILICON GATE CMOS 


32,768 WORD x 8 BIT CMOS STATIC RAM 

Description 

The TC55V328AJ is a 262,144 bits high speed static random access memory organized as 32,768 words by 8 bits using 
CMOS technology, and operated from a single 3.3-volt supply. Toshiba’s CMOS technology and advanced circuit form pro¬ 
vide low voltage operation and high speed feature. _ _ 

The TC55V328AJ has low power feature with device control using Chip Enable (CE) and has an Output Enable Input (OE) 
for fast memory access. The TC55V328AJ is suitable for use in cache memory where high speed is required, and high speed 
storage. All inputs and outputs are LVTTL compatible. 

The TC55V328AJ is packaged in a 28-pin standard SOJ with 300mil width for high density surface assembly. 


.0 


Features 


• Fast access time 


- TC55V328AJ-15 

- TC55V328AJ-17 

- TC55V328AJ-20 

• Low power dissipation 

- Operation: 

- TC55V328AJ-15 

- TC55V328AJ-17 

- TC55V328AJ-20 

- Standby: 

• Fully static operation 


15ns (max.) 
17ns (max.) 
20ns (max.) 


100mA (max.) 
100mA (max.) 
90mA (max.) 
300iiA (max.) 


• 3.3V single power supply: 3.3V ±0.3V 

• Output buffer control: OE 

• All inputs and outputs: 


- LVTTL compatible 
• Package: 

- TC55V328AJ: SOJ28-P-300A 


Pin Connection (Top View) 


TC55V328AJ 



(SOJ) 


Pin Names 


AO*-A14 

Address Inputs 

1/01 ~ 1/08 

Data Inputs/Outputs 

CE 

Chip Enable Input 

WE 

Write Enable Input 

OE 

Output Enable Input 

Vdd 

Power (+3.3V) 

GND 

Ground 
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Block Diagram 



Operating Mode 


OPERATION MODE 

CE 

OE 

WE 

I/01 --1/08 

POWER 

Read 

L 

L 

H 

Output 

•ddo 

Write 

L 

* 

L 

Input 

boo 

Output Disable 

L 

H 

H 

High Impedance 

boo 

Standby 

H 

* 

* 

High Impedance 

bos 


* High or Low 


Maximum Ratings 


SYMBOL 

ITEM 

RATING 

UNIT 

Vdd 

Power Supply Voltage 

-0.5 ~ 4.6 

V 

V|N 

Input Voltage 

-0.5* - 4.6 

V 

V|/o 

Input/Output Voltage 

-0.5* ~ Vqd + 0.5** 

V 

Pp 

Power Dissipation 

0.5 

w 

Tsolder 

Soldering Temperature (10s) 

260 

X 

Tstrg 

Storage Temperature 

-65-150 

X 

Tqpr 

Operating Temperature 

LO 

CO 

1 

o 

X 


* -2.0V with a puise width of 10ns 
**Vdd + 1 -OV with a puise width of 10ns 


-2 
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DC Recommended Operating Conditions 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

Vdd 

Power Supply Voltage 

3.0 

3.3 

3.6 

V 

V|H 

Input High Voltage 

2.0 

- 

Vqd + 0.3** 

V 

V|L 

Input Low Voltage 

-0.3* 

- 

0.8 

V 


* -1.5V with a pulse width of 10ns 
**Vdd + 1 -OV with a pulse width of 10ns 


DC and Operating Characteristics (Ta = 0 - 70°C, V^q = 3.3V±0.3V) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

Ili 

Input Leakage Current 

V|N = 0 - V00 

- 

- 

±1 

pA 

■lo 

Output Leakage Current 

Q 

Q 

> 

1 

o 

II 

H 

ID 

>° 

_r 

> 

II 

|UJ 

o 

X 

> 

II 

ILU 

10 

o 

X 

> 

11 
ILU 

b 

- 

- 

±1 

pA 

Vqh 

Output High Voltage 

Iqh = -2mA 

2.4 

- 

- 

V 

loH = -100pA 

Vd0 - 0.2 

- 

- 

V 

Vql 

Output Low Voltage 

Iql = 2mA 

- 

- 

0.4 

V 

Iql = 10OpA 

- 

- 

0.2 

V 

boo 

Operating Current 

tcycle = = V|L 

Other Inputs = V|hA/|l, Iout= 0 

-15 

- 

- 

100 

mA 

-17 

- 

- 

100 

-20 

- 

- 

90 

•ddsi 

Standby Current 

CE=V|h 

Other Inputs = V|hA/|l, t^yj-ie = Min cycle 

- 

- 

20 

mA 

bDS2 

CE = V00 - 0.2V 

Other Inputs = V 00 - 0.2V or 0.2V 

- 

- 

300 

pA 


Capacitance (Ta = 25°C, f = 1.0MHz) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MAX. 

UNIT 

C|N 

Input Capacitance 

V,N = GND 

6 

PF 

C|/0 

Input/Output Capacitance 

V|/o = gnd 

10 

PF 


Note: This parameter is periodically sampled and is not 100% tested. 
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AC Characteristics (Ta = 0 ~ 70°C, = 3.3V±0.3V) 


Read Cycie 


SYMBOL 

PARAMETER 

TC55V328AJ-15 

TC55V328AJ-17 

TC55V328AJ-20 

UNIT 

MiN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

tRC 

Read Cycle Time 

15 

- 

17 

- 

20 

- 


^ACC 

Address Access Time 

- 

15 

- 

17 

- 

20 


tco 

CE Access Time 

- 

15 

- 

17 

- 

20 


toE 

OE Access Time 

- 

7 

- 

7 

- 

10 


toH 

Output Data Hold Time from Address Change 

5 

- 

5 

- 

5 

- 

ns 

tcOE 

Output Enable Time from CE 

5 

- 

5 

- 

5 

- 


tcOD 

Output Disable Time from CE 

- 

8 

- 

8 

- 

8 


O 

m 

m 

Output Enable Time from OE 

1 

- 

1 

- 

1 

- 


toDO 

Output Disable Time from OE 

- 

8 

- 

8 

- 

8 



Write Cycle 


SYMBOL 

PARAMETER 

TC55V328AJ-15 

TC55V328AJ-17 

TC55V328AJ-20 

UNIT 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

twc 

Write Cycle Time 

15 

- 

17 

- 

20 

- 

ns 

twp 

Write Pulse Width 

10 

- 

10 

- 

13 

- 

Uw 

Address Valid to End of Write 

10 

- 

10 

- 

13 

- 

tew 

Chip Enable to End of Write 

11 

- 

11 

- 

13 

- 

Us 

Address Setup Time 

0 

- 

0 

- 

0 

- 

twR 

Write Recovery Time 

0 

- 

0 

- 

0 

- 

tps 

Data Setup Time 

8 

- 

8 

- 

10 

- 

tpH 

Data Hold Time 

0 

- 

0 

- 

0 

- 

tOEW 

Output Enable Time from WE 

1 

- 

1 

- 

1 

- 

toDW 

Output Disable Time from WE 

- 

8 

- 

8 

- 

8 


AC Test Conditions 


Input Pulse Levels 

3.0V/0.0V 

Input Pulse Rise and Fall Time 

3ns 

Input Timing Measurement Reference Level 

1.5V 

Output Timing Measurement Reference Level 

1.5V 

Output Load 

Fig.1 



Figure 1. 
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Read Cycle 



Write Cycle 1 (WE Controlled Write) 
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Write Cycle 2 (CE Controlled Write) 



Notes: 

1. WE is High for Read Cycle. 

2. Assuming that CE Low transition occurs coincident with or after the WE Low transition, Outputs remain in a 
high impedance state. 

3. Assuming that CE High transition occurs coincident with or prior to the WE High transition, Outputs remain 
in a high impedance state. 

4. Assuming that OE is High for a Write Cycle, the Outputs are in a high impedance state during this period. 

5. These parameters are specified as follows and measured by using the load shown in Figure 1. 

(A) tcoE> "toEE. bEW • ■ ■ ■ Output Enable Time 

(B) tcoD. toDO- bow-Output Disable Time 
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Notes 


1. This technical data may be controlled under U.S. Export Administration Regulations and may be subject to the approval of the U.S. Department of Commerce prior to export. Any export or re-export, directly or indi¬ 
rectly, in contravention of the U.S. Export Administration Regulations is strictly prohibited. 

2. LIFE SUPPORT POLICY 

Toshiba products described in this document are not authorized for use as critical components in life support systems without the written consent of the appropriate officer of Toshiba America, Inc. Life support sys¬ 
tems are either systems intended for surgical implant in the body or systems which sustain life. 

A critical component in any component of a life support system whose failure to perform may cause a malfunction of the life support system, or may affect its safety or effectiveness. 

3. The information in this document has been carefully checked and is believed to be reliable: however no responsibility can be assumed for inaccuracies that may not have been caught. All Information in this data book 
is subject to change without prior notice. Furthermore, Toshiba cannot assume responsibility for the use of any license under the patent rights of Toshiba or any third parties. 
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PRELIMINARY 

SILICON GATE CMOS 

131,072 WORD X 8 BIT CMOS STATIC RAM 

Description 

The TC558128AJ is a 1,048,576 bits high speed static random access memory organized as 131,072 words by 8 bits using 
CMOS technology, and operated from a single 5-volt supply. Toshiba’s CMOS technology and advanced circuit form provide 
high speed feature. The TC558128AJ has low power feature with device control using Chip Enable (CE), and has Output 
Enable input (OE) for fast memory access. 

The TC558128AJ is suitable for use in cache memory where high speed is required and high speed storage. All Inputs and 
Outputs are TTL compatible. 

The TC558128AJ is packaged in a 32-pin plastic SOJ with 400mil width for high density surface assembly. 


Features 

• Fast access time 

- TC558128AJ-15 15ns (max.) 

- TC558128AJ-20 20ns (max.) 

• Low power dissipation 


Cycle Time 

15 

20 

25 

30 

50 

ns 

Operation (max.) 

170 

140 

130 

120 

100 

mA 


- Standby: 1mA (max.) 

• 5V single power supply: 5V±10% 

• Fully static operation 

• All nputs and outputs: TTL compatible 

• Output buffer control: OE 

• Package: 

- TC558128AJ: SOJ32-P-400A 


Pin Connection (Top View) 


TC558128AJ 

A3n 

T" 


-32] 

A2[ 

2 


31; 

A1[ 

3 


30] 

A0[ 

4 


29] 

m 

5 


28] 

1/01 [ 

6 


27: 

1/02 C 

7 


26] 

VddC 

8 


25] 

GND[ 

9 

> 

24] 

1/03 C 

10 

Q. 

23 ] 

1/04 [ 

11 

O 

22] 

WEC 

12 

h- 

21 ] 

A16[ 

13 


20] 

A15C 

14 


19] 

A14[ 

15 


18] 

A13[ 

16 


17] 


_ / 

(SOJ) 


A4 

A5 

A6 

OE 

1/08 

1/07 

GND 

Vdd 

1/06 

1/05 

A8 

A9 

A10 

All 

A12 


Pin Names 


A0~ A16 

Address Inputs 

1/01 ~ 1/08 

Data Inputs/Outputs 

CE 

Chip Enable Input 

WE 

Write Enable Input 

OE 

Output Enable Input 

Vdd 

Power (+5V) 

GND 

Ground 
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Block Diagram 



Operating Mode 


OPERATING MODE 

CE 

OE 

WE 

I/O 

POWER 

Read 

L 

L 

H 

Output 

boo 

Write 

L 

* 

L 

Input 

•ddo 

Output Disabled 

L 

H 

H 

High-Z 

boo 

Standby 

H 

* 

* 

HIgh-Z 

bos 


*H orL 


Maximum Ratings 


SYMBOL 

ITEM 

RATING 

UNIT 

Vdd 

Power Supply Voltage 

-0.5 ~ 7.0 

V 

V|N 

Input Terminal Voltage 

-2.0* - 7.0 

V 

V|/o 

Input/Output Voltage 

-0.5* ~ Vdd + 0.5 

V 

Pd 

Power Dissipation 

1.1 

w 

Tsolder 

Soldering Temperature (1 Os) 

260 

°c 

Tstrg 

Storage Temperature 

-65-150 

°c 

Tqpr 

Operating Temperature 

-10-85 



*-3V with a pulse width of 10ns 
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DC Recommended Operating Conditions 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

Vdd 

Power Supply Voltage 

4.5 

5.0 

5.5 

V 

V|H 

Input High Voltage 

2.2 

- 

Vdd + 0-5 

V 

V|L 

Input Low Voltage 

-0.5* 

- 

0.8 

V 


* -3V with a pulse width of 10ns 


DC and Operating Characteristics (Ta = 0 - 70°C, = 5V±10%) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

Ili 

Input Leakage Current 

V|N = 0 ~ Vqd 

- 

- 

±10 

HA 

•lo 

Output Leakage Current 

CE = V|H or WE =V|L or OE =V|h, 

Vqut = 0 ~ Vqq 

- 

- 

±10 

pA 

•oh 

Output High Current 

Voh = 2.4V 

-4 

- 

- 

mA 

•OL 

Output Low Current 

Vol = 0.4V 

8 

- 

- 

mA 

•ddo 

Operating Current 

CE = V||_, Iqut “ 0mA, 

Other Inputs = V(h/V(l 

^cycle “ ^ 

- 

- 

170 

mA 

^cycle ~ 20ns 

- 

- 

140 

^cycle “ 25ns 

- 

- 

130 

^cycle “ 30ns 

- 

- 

120 

^cycle “ 50ns 

- 

- 

100 

Iddsi 

Standby Current 

CE = V|H, Other Inputs = V|hA/|l 

- 

- 

30 

mA 

bDS2 

CE = Vdd - 0-2V, Other Inputs = Vqd ■ 0.2V or 0.2V 

_1 

- 

1 


Capacitance (Ta = 25°C, f = 1.0MHz) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MAX. 

UNIT 

ClN 

Input Capacitance 

V|N = GND 

6 

PF 

C|/0 

Input/Output Capacitance 

V|/o = GND 

8 

PF 


Note: This parameter is periodically sampled and is not 100% tested. 
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AC Characteristics (Ta = 0 ~ 70°C^^^ Vqd = 5V±10%) 


Read Cycle 


SYMBOL 

PARAMETER 

TC558128AJ-15 

TC558128AJ-20 

UNIT 

MIN. 

MAX. 

MIN. 

MAX. 

^RC 

Read Cycle Time 

15 

- 

20 

- 

ns 

^ACC 

Address Access Time 

- 

15 

- 

20 

tco 

Chip Enable Access Time 

- 

15 

- 

20 

toE 

Output Enable Access Time 

- 

8 

- 

10 

toH 

Output Data Hold Time from Address Change 

5 

- 

5 

- 

tcOE 

Output Enable Time from CE 

5 

- 

5 

- 

toEE 

Output Enable Time from OE 

1 

- 

1 

- 

tcOD 

Output Disable Time from CE 

- 

8 

“ 

8 

toDO 

Output Disable Time from OE 

- 

8 


8 


Write Cycle 


SYMBOL 

PARAMETER 

TC558128AJ-15 

TC558128AJ-20 

UNIT 

MIN. 

MAX. 

MIN. 

MAX. 

%c 

Write Cycle Time 

15 

- 

20 

- 

ns 

twp 

Write Pulse Width 

9 

- 

10 

- 

tew 

Chip Enable to End of Write 

12 

- 

13 

- 

Uw 

Address Valid to End of Write 

12 

- 

13 

- 

Us 

Address Setup Time 

0 

- 

0 

- 

twR 

Write Recovery Time 

0 

- 

0 

- 

tps 

Data Setup Time 

8 

- 

10 

- 

toH 

Data Hold Time 

0 

- 

0 

- 

tOEW 

Output Enable Time from WE 

1 

- 


- 

toDW 

Output Disable Time from WE 

- 

8 

- 

8 


AC Test Conditions 


Input Pulse Levels 

3.0V/0.0V 

Input Pulse Rise and Fall Time 

3ns 

Input Timing Measurement Reference Level 

1.5V 

Output Timing Measurement Reference Level 

1.5V 

Output Load 

Fig.1 



Figure 1. 
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Notes: 

1. The operating temperature (Ta) is guaranteed with transverse air flow exceeding 400 linear feet per minute. 

2. WE is High for Read Cycle. 

3. Assuming that CE Low transition occurs coincident with or after the WE Low transition, Outputs 
remain in a high impedance state. 

4. Assuming that CE High transition occurs coincident with or prior to the WE High transition, Outputs 
remain in a high impedance state. 

5. Assuming that OE is High during a Write Cycle, the Outputs are in a high impedance state during this period. 

6. These parameters are specified as follows and measured by using the load shown in Figure 1. 

(A) tcoE> toEE> ^EW .Output Enable Time 

(B) tcoD. toDO. bow-Output Disable Time 



B-14 


TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 


PRELIMINARY 




SR01010795 


Static RAM 


TC558128AJ-15/20 










TC558128AJ-15/20 


Static RAM 


SR01010795 


Notes 


1. This technical data may be controlled under U.S. Export Administration Regulations and may be subject to the approval of the U.S. Department of Commerce prior to export. Any export or re-export, directly or indi¬ 
rectly, in contravention of the U.S. Export Administration Regulations is strictly prohibited. 

2. LIFE SUPPORT POLICY 

Toshiba products described in this document are not authorized for use as critical components in life support systems without the written consent of the appropriate officer of Toshiba America, Inc. Life support sys¬ 
tems are either systems intended for surgical implant in the body or systems whioh sustain life. 

A critical component in any component of a life support system whose failure to perform may cause a malfunction of the life support system, or may affect its safety or effectiveness. 

3. The information in this document has been carefully checked and is believed to be reliable; however no responsibility can be assumed for inaccuracies that may not have been caught. All information in this data book 
is subject to change without prior notice. Furthermore, Toshiba cannot assume responsibility for the use of any license under the patent rights of Toshiba or any third parties. 
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TOSHIBA 


TC559128AJ-15/20 


PRELIMINARY 

SILICON GATE CMOS 

131,072 WORD X 9 BIT CMOS STATIC RAM 

Description ^ 

The TC559128AJ is a 1,179,648 bits high speed static random access memory organized as 131,072 words by 9 bits using x 
CMOS technology, and operated from a single 5-volt supply. Toshiba’s CMOS technology and advanced circuit form provide x 
high speed feature. The TC559128AJ has low power feature with device control using Chip Enable (CE), and has an Output 
Enable input (OE) for fast memory access. 

The TC559128AJ is suitable for use in cache memory where high speed is required and high speed storage. All inputs and 
outputs are TTL compatible. 

The TC559128AJ is packaged in a 36-pin plastic SOJ with 400mil width for high density surface assembly. 


Features 

® Fast access time 

- TC559128AJ-15 15ns (max.) 

- TC559128AJ-20 20ns (max.) 

® Low power dissipation 


Cycle Time 

15 

20 

25 

30 

50 

ns 

Operation (max.) 

170 

140 

130 

120 

100 

mA 


® 5V single power supply: 5V±10% 

® Fully static operation 
® Inputs and outputs TTL compatible 
® Output buffer control: OE 
® Package: 

- TC559128AJ: SOJ36-P-400 


Pin Connection (Top View) 


TC559128AJ 

N.C.C 

T 


-36] 

A3C 

2 


35] 

A2n 

3 


34] 

A1^ 

4 


33 1 

A0[ 

5 


32] 

CE[ 

6 


31: 

1/01C 

7 

m 

30] 

1/02 [ 

8 

- 

29] 

VddC 

9 

> 

28] 

GND[ 

10 

o. 

27] 

1/03 [ 

11 

O 

26] 

1/04 [ 

12 

h* 

25] 

WE[ 

13 


24] 

A16[ 

14 


23] 

A15C 

15 


22] 

A14C 

16 


21 ] 

A13C 

17 


20] 

N.C[ 

18 




(SOJ) 


A4 

A5 

A6 

OE 

1/09 

1/08 

1/07 

GND 

Vdd 

1/06 

1/05 

A8 

A9 

A10 

All 

A12 

N.U. 


Pin Names 


A0~ A16 

Address Inputs 

1/01 - 1/09 

Data Inputs/Outputs 

CE 

Chip Enable Input 

WE 

Write Enable Input 

OE 

Output Enable Input 

Vdd 

Power (+5V) 

GND 

Ground 

N.C. 

No Connection 

N.U. 

Not Usable (Input) 
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Block Diagram 



Operating Mode 


OPERATING MODE 

CE 

OE 

WE 

1/01 ~ I/09 

POWER 

Read 

L 

L 

H 

Output 

boo 

Write 

L 

* 

L 

Input 

boo 

Output Disabled 

L 

H 

H 

High Impedance 

boo 

Standby 

H 

* 

* 

High Impedance 

bos 


*H or L Note: N.U. pin must be kept open electrically or pulled down to GND level or less than 0.8V. 

Applying a voltage more than 0.8V to N.U. pin is prohibited. 


Maximum Ratings 


SYMBOL 

ITEM 

RATING 

UNIT 

Vdd 

Power Supply Voltage 

-0.5 ~ 7.0 

V 

V|N 

Input Terminal Voltage 

-2.0* ~ 7.0 

V 

V|/o 

Input/Output Voltage 

-0.5* ~ Vdd + 0.5 

V 

Pd 

Power Dissipation 

1.1 

w 

Tsolder 

Soldering Temperature (10s) 

260 

°c 

Tstrg 

Storage Temperature 

-65-150 


Tqpr 

Operating Temperature 

-10-85 

°c 


*-3V with a pulse width of 10ns 
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DC Recommended Operating Conditions 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

Vdd 

Power Supply Voltage 

4.5 

5.0 

5.5 

V 

V|H 

Input High Voltage 

2.2 

- 

Vdd + 0.5 

V 

V|L 

Input Low Voltage 

-0.5* 

- 

0.8 

V 


* -3V with a pulse width of 10ns 


DC and Operating Characteristics (Ta = 0 ~ 70°C, Vdd = 5V±10%) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

'Ll 

Input Leakage Current 
(Except N.U. pin) 

ViN = 0 - Vdd 


- 

±10 

HA 

•lo 

Output Leakage Current 

CE = V|H or WE = V,L or OE = V|h, Vqut ^ 

Q 

Q 

> 

1 

o 

II 

- 

- 

±10 

ha 

h (N.U.) 

Input Current (N.U. pin) 

V|N = 0 ~ 0.8V 

-1 

- 

20 

IxA 

Iqh 

Output High Current 

Voh = 2.4V 

-4 

- 

- 

mA 

bi 

Output Low Current 

Vol = 0.4V 

8 

- 

- 

mA 




^cycle “ 
15ns 

- 

- 

170 





^cycle ” 
20ns 

- 

- 

140 


■ddo 

Operating Current 

CE = V|L, louT= OmA, 

Other Inputs = V|hA/|l 

^cycle = 

25ns 

- 

- 

130 

mA 




^cycle “ 

30ns 


- 

120 





^cycle = 
50ns 


- 

100 


bosi 

Standby Current 

CE = V|H, Other Inputs = VihA/||_ 

- 

- 

30 

mA 

bDS2 

CE = Vdd ■ 0-2V, Other Inputs = Vdd - 0.2V or 0.2V 

- 

- 

1 


Capacitance (Ta = 25°C, f = 1.0MHz) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MAX. 

UNIT 

C|N 

Input Capacitance 

V|N = GND 

6 

pF 

C|/0 

Input/Output Capacitance 

V,/o=GND 

8 

PF 


NOTE: This parameter is periodically sampled and is not 100% tested. 
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AC Characteristics (Ta = 0 ~ 70°C^^*, = 5V±10%) 


Read Cycle 


SYMBOL 

PARAMETER 

TC559128AJ-15 

TC559128AJ-20 

UNIT 

MIN. 

MAX. 

MIN. 

MAX. 

^RC 

Read Cycle Time 

15 

- 

20 

- 

ns 

Ucc 

Address Access Time 

- 

15 

- 

20 

tco 

Chip Enable Access Time 

- 

15 

- 

20 


Output Enable Access Time 

- 

8 

- 

10 

tOH 

Output Data Hold Time from Address Change 

5 

- 

5 

- 

tcOE 

Output Enable Time from CE 

5 

- 

5 

- 

toEE 

Output Enable Time from OE 

1 

- 

1 

- 

^COD 

Output Disable Time from CE 

- 

8 

- 

8 

boo 

Output Disable Time from OE 

_1 

8 

- 

8 


Write Cycle 


SYMBOL 

PARAMETER 

TC55912BAJ-15 

TC559128AJ-20 

UNIT 

MIN. 

MAX. 

MIN. 

MAX. 

twc 

Write Cycle Time 

15 

- 

20 

- 

ns 

twp 

Write Pulse Width 

9 

- 

10 

- 

tew 

Chip Enable to End of Write 

12 

- 

13 

- 

tAW 

Address Valid to End of Write 

13 

- 

13 

- 

tAS 

Address Setup Time 

0 

- 

0 

- 

twR 

Write Recovery Time 

0 

- 

0 

- 

tps 

Data Setup Time 

8 

- 

10 

- 

tpH 

Data Hold Time 

0 

- 

0 

- 

tOEW 

Output Enable Time from WE 

1 

- 

1 

- 

toDW 

Output Disable Time from WE 

- 

8 

_1 

- 

8 


AC Test Conditions 


Input Pulse Levels 

3.0V/0.0V 

Input Pulse Rise and Fall Time 

3ns 

Input Timing Measurement Reference Leve 

1.5V 

Output Timing Measurement Reference Level 

1.5V 

Output Load 

Fig.1 


5V 



Figure 1. 
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Timing Waveforms 

Read Cycle 



Write Cycle 1 (WE Controlled) 


twc 



Write Cycle 2 (CE Controlled) 
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Notes: 

1. The operating temperature (Ta) is guaranteed with transverse air flow exceeding 400 linear feet per minute. 

2. WE is High for Read Cycle. 

3. Assuming that CE Low transition occurs coincident with or after the WE Low transition, Outputs 
remain in a high impedance state. 

4. Assuming that CE High transition occurs coincident with or prior to the WE High transition, Outputs 
remain in a high impedance state. 

5. Assuming that CE is High for Write Cycle, the Outputs are in a high impedance state during this period. 

6. These parameters are specified and measured by using the load shown in Figure 1. 

(A) tcoE> ^OEE> ^OEW.Output Enable Time 

(B) tcoD- toDO> bow ■ ■ • ■ Output Disable Time 
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Notes 


1. This technical data may be controlled under U.S. Export Administration Regulations and may be subject to the approval of the U.S. Department of Commerce prior to export. Any export or re-export, directly or indi¬ 
rectly, in contravention of the U.S. Export Administration Regulations is strictly prohibited. 

2. LIFE SUPPORT POLICY 

Toshiba products described in this document are not authorized for use as critical components in life support systems without the written consent of the appropriate officer of Toshiba America, Inc. Life support sys¬ 
tems are either systems intended for surgical implant in the body or systems which sustain life. 

A critical component in any component of a life support system whose failure to perform may cause a malfunction of the life support system, or may affect its safety or effectiveness. 

3. The information in this document has been carefully checked and is believed to be reliable; however no responsibility can be assumed for inaccuracies that may not have been caught. All information in this data book 
is subject to change without prior notice. Furthermore, Toshiba cannot assume responsibility for the use of any license under the patent rights of Toshiba or any third parties. 
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TOSHIBA 


TC551664AJ-15/20 


SILICON GATE CMOS 

65,536 WORD x 16 BIT CMOS STATIC RAM 

Description 

The TC551664AJ is a 1,048,576 bits high speed static random access memory organized as 65,536 words by 16 bits using 
CMOS technology, and operated from a single 5-volt supply. Toshiba’s CMOS technology and advanced circuit form provide 

high speed feature. _ _ 

The TC551664AJ has low power feature with device control using Chip Enable (CE), and has Output Enable input (OE) 
for fast memory access. Also, it allows that lower and upper byte access by Data Byte Control (LB, UB). The TC551664AJ is 
suitable for use in high speed applications such as cache memory and high speed storage. All inputs and outputs are TTL com¬ 
patible. 

The TC551664AJ is packaged in a 44-pin SOJ with 400mil width for high density surface assembly 


Features 

• Fast access time 

- TC551664AJ -15 15ns (max.) 

- TC551664AJ -20 20ns (max.) 

• Low power dissipation 


Cycle Time 

15 

20 

25 

30 

50 

ns 

Operation (max.) 

260 

220 

200 

180 

150 

mA 


- Standby; 1 mA (max.) 

• 5V single power supply: 5V+10% 

• Fully static operation 

• Inputs and outputs TTL compatible 

• Output buffer control: OE 

o Data byte controls; LB (1/01 ~ 1/08), Db (1/09 ~ 1/016) 

• Package: SOJ44-P-400 


Pin Names 


A0~ A15 

Address Inputs 

1/01 ~ I/016 

Data Inputs/Outputs 

CE 

Chip Enable Input 

We 

Write Enable Input 

OE 

Output Enable Input 

lb,Ub 

Data Byte Control Input 

VdD 

Power (+5V) 

GND 

Ground 

N.C. 

No Connection 

N.U. 

Not Usable Input 


Pin Connection (Top View) 


TC551664AJ 



'-0 - J 


A4 c 

1 44 

3 A5 

A3 C 

2 43 

3 A6 

A2 C 

3 42 

3 A7 

A1 C 

4 41 

3 0E 

AO C 

5 40 

3 UB 

CE C 

6 39 ; 

3 LB 

1/01 c 

^ ^ 38 

3 1/016 

1/02 C 

8 ? 37 

3 1/015 

1/03 C 

9 36 

3 1/014 

1/04 C 

10 35 

3 1/013 

Vddi: 

11 ^ 34 

3 GND 

GND C 

12 a. 33 

3 Vdd 

1/05 C 

13 O 32 

3 1/012 

1/06 C 

14 ^ 31 

3 1/011 

1/07 C 

15 30 

3 1/010 

1/08 C 

16 29 

3 1/09 

WE C 

17 28 

3 N.U. 

A15 : 

18 27 

3 A8 

A14 C 

19 26 

3A9 

A13 C 

20 25 

3 A10 

A12 C 

21 24 

3 All 

N.C C 

,22 23, 

3 N.C 


(SOJ) 
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Static RAM 
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Block Diagram 



Operating Mode 


OPERATING IVIODE 

CE 

OE 

WE 

LB 

UB 

1/01 ~ I/08 

I/09 ~ I/016 

POWER 





L 

L 

Output 

Output 

boo 

Read 

L 

L 

H 

H 

L 

High Impedance 

Output 

boo 





L 

H 

Output 

High Impedance 

boo 





L 

L 

Input 

Input 

boo 

Write 

L 

* 

L 

H 

L 

High Impedance 

Input 

boo 





L 

H 

Input 

High Impedance 

boo 

Output Disable 

L 

H 

H 

* 

•k 

High Impedance 

High Impedance 

boo 

L 

* 

* 

H 

H 

boo 

Standby 

H 

* 

* 

* 

* 

High Impedance 

High Impedance 

bos 


*H or L Note: N.U. pin must be kept open elctrically or pulled down to GND level or less than 0.8V. 

Applying a voltage more than 0.8V to N.U. pin is prohibited. 


Maximum Ratings 


SYMBOL 

ITEM 

RATING 

UNIT 

D 

Q 

> 

Power Supply Voltage 

-0.5 ~ 7.0 

V 

V|N 

Input Terminal Voltage 

-2.0* ~ 7.0 

V 

Vi/o 

Input/Output Terminal Voltage 

-0.5* ~ Vqp + 0.5 

V 

Pd 

Power Dissipation 

1.5 

w 

^SOLDER 

Soldering Temperature (lOs) 

260 


Tstrg 

Storage Temperature 

-65-150 

°c 

Tqpr 

Operating Temperature 

-10-85 

°c 


*-3V with a pulse width of 10ns 
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Static RAM 
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DC Recommended Operating Conditions 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

Vdd 

Power Supply Voltage 

4.5 

5.0 

5.5 

V 

V|H 

Input High Voltage 

2.2 

- 

Vdd + 0-5 

V 

V|L 

Input Low Voltage 

-0.5* 

- 

0.8 

V 


* -3V with a pulse width of 10ns 


DC and Operating Characteristics (Ta = 0 ~ 70°C, Vdd = 5V±10%) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

Ili 

Input Leakage Current 
(Except N.U. pin) 

V|N = 0 ~ Vdd 

- 

- 

±10 

pA 

•lo 

Output Leakage Current 

CE = V|H or We = V|L or OE = V,h 

VouT= 0 - Vdd 

- 

- 

±10 

|iA 

■l (N.U.) 

Input Current (N.U. pin) 

V,N = 0 ~ 0.8V 

-1 

- 

20 

|iA 

•oh 

Output High Current 

VoH = 2.4V 

-4 

- 

- 

mA 

•OL 

Output Low Current 

Vol=0.4V 

8 

- 

- 

mA 

■ddo 

Operating Current 

CE = V|i_, Iqut = OhiA, 
Other Inputs = V|hA/||_ 

^cycle ~ ^ 5ns 

- 

- 

260 

mA 

^cycle “ 20 ns 

- 

- 

220 

^cycle ” 25 ns 

- 

- 

200 

tcycle = 30ns 

- 

- 

180 

^cycle “ 50ns 

- 

- 

150 

•ddsi 

Standby Current 

CE = V|H, Other Inputs = V|hA/|l 

- 

- 

30 

mA 

•dDS2 

^ = Vdd " 0-2V, Other Inputs = Vdd ■ 
0.2V or 0.2V 

- 

- 

1 


Capacitance (Ta = 25°C, f = 1.0MHz) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MAX. 

UNIT 

C|N 

Input Capacitance 

V,N = GND 

6 

PF 

C|/0 

Input/Output Capacitance 

V|/o=GND 

8 

PF 


Note: This parameter is periodically sampled and is not 100% tested. 
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B, High Speed 
Static RAM 



TC551664AJ-15/20 


Static RAM 


SR01030895 


AC Characteristics (Ta = 0 ~ 70°C(^>, Vqd = 5V+10%) 


Read Cycle 


SYMBOL 

PARAMETER 

TC551664AJ -15 

TC551664AJ -20 

UNIT 

MIN. 

MAX. 

MIN. 

MAX. 

^RC 

Read Cycle Time 

15 

- 

20 

- 


Ucc 

Address Access Time 

- 

15 

- 

20 


tco 

CE Access Time 

- 

15 

- 

20 


^OE 

OE Access Time 

- 

8 

- 

10 


^BA 

DB, lb Access Time 

- 

8 

- 

10 


^OH 

Output Data Hold Time from Address Change 

5 

- 

5 

- 

ns 

O 

O 

m 

Output Enable Time from CE 

5 

- 

5 

- 

^OEE 

Output Enable Time from OE 

1 

- 

1 

- 


^BE 

Output Enable Time from UB, LB 

1 

- 

1 

- 


tcOD 

Output Disable Time from CE 

- 

8 

- 

8 


boo 

Output Disable Time from OE 

- 

8 

- 

8 



Output Disable Time from DB, LB 

- 

8 

- 

8 



Write Cycle 


SYMBOL 

PARAMETER 

TC551664AJ -15 

TC551664AJ -20 

UNIT 

MIN. 

MAX. 

MIN. 

MAX. 

two 

Write Cycle Time 

15 

- 

20 

- 


twp 

Write Pulse Width 

9 

- 

10 

- 


tew 

Chip Enable to End of Write 

12 

- 

13 

- 


tBW 

UB, lb Enable to End of Write 

12 

- 

12 

- 


tAW 

Address Valid to End of Write 

12 

- 

12 

- 


Us 

Address Setup Time 

0 

- 

0 

- 

ns 

twR 

Write Recovery Time 

0 

- 

0 



tos 

Data Setup Time 

8 

- 

10 

_ 


tpH 

Data Hold Time 

0 

- 

0 

- 


toEW 

Output Enable Time from WE 

1 

- 

1 

- 


toDW 

Output Disable Time from WE 

- 

8 

- 

8 



AC Test Conditions 


Input Pulse Levels 

3.0V/0.0V 

Input Pulse Rise and Fall Time 

3ns 

Input Timing Measurement Reference Level 

1.5V 

Output Timing Measurement Reference Level 

1.5V 

Output Load 

Flg.1 


5V 5V 



(For tcOE» toEE, tcoo. 
toDO* ^OEw and toow) 


Figure 1. 
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Static RAM 


TC551664AJ-15/20 


Notes: 

1. The operating temperature (Ta) is guaranteed with transverse air flow exceeding 400 linear feet per minute. 

2. WE is High for Read Cycle. 

3. Assuming that CE Low transition occurs coincident with or after the WE Low transition, Outputs 
remain in a high impedance state. 

4. Assuming that CE High transition occurs coincident with or prior to the WE High transition, Outputs 
remain in a high impedance state. 

5. Assuming that OE is High for Write Cycle, the Outputs are in a high impedance state during this period. 

6. These parameters are specified and measured by using the load shown in Figure 1. 

(A) tcoE» ^OEE> “^OEW.Output Enable Time 

(B) tcoD- boo- bow-Output Disable Time 
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Outline Drawings Unit in mm 

Plastic SOJ {SOJ44-P-400) 



Weight : 1.64g (Typ.) 


1. This technical data may be controlled under U.S. Export Administration Regulations and may be subject to the approval of the U.S. Department of Commerce prior to export. Any export or re-export, directly or indi¬ 
rectly, in contravention of the U.S. Export Administration Regulations is strictly prohibited. 

2. LIFE SUPPORT POLICY 

Toshiba products described in this document are not authorized for use as critical components in life support systems without the written consent of the appropriate officer of Toshiba America, Inc. Life support sys¬ 
tems are either systems intended for surgical implant in the body or systems which sustain life. 

A critical component in any component of a life support system whose failure to perform may cause a malfunction of the life support system, or may affect its safety or effectiveness. 

3. The information in this document has been carefully checked and is believed to be reliable; however no responsibility can be assumed for inaccuracies that may not have been caught. All information in this data book 
is subject to change without prior notice. Furthermore, Toshiba cannot assume responsibility for the use of any license under the patent rights of Toshiba or any third parties. 
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TOSHIBA 


TC551864AJ-15/20 


PRELIMINARY 

SILICON GATE CMOS 

65,536 WORD x 18 BIT CMOS STATIC RAM 

Description 

The TC551864AJ is a 1,179,648 bits high speed static random access memory organized as 65,536 words by 18 bits using 
CMOS technology and operated from a single 5-volt supply. Toshiba’s CMOS teohnology and advanced circuit form provide 
high speed feature. _ 

_The TC551864AJ has a low power feature with device control using Chip Enable (CE), and has an Output Enable input 

(OE) for fast memory access. Also, it allows that lower and upper byte access by Data Byte Control (LB, UB). The 
TC551864AJ is suitable for use in various application systems where high speed is required such as cache memory, high speed 
storage, and so on. All inputs and outputs are directly TTL compatible. 

The TC551864AJ is packaged in a 44-pin plastic SOJ with 400mil width for high density surface assembly. 


Features 

• Fast access time 

- TC551864AJ-15 15ns (max.) 

- TC551864AJ-20 20ns (max.) 

• Low power dissipation 


Cycle Time 

15 

20 

25 

30 

50 

ns 

Operation (max.) 

260 

220 

200 

180 

150 

mA 


- Standby: 1mA (max.) 

• 5V single power supply: 5V±10% 

» Fully static operation 

• All inputs and outputs TTL compatible 

• Output buffer control: OE 

• Data byte controls: LB, (1/01 ~ 1/09), Db (1/010 ~ 1/018) 

® Package 

- TC551864AJ: SOJ44-P-400 


Pin Names 


AO-A15 

Address Inputs 

1/01 ~ 1/018 

Data Inputs/Outputs 

CE 

Chip Enable Input 

WE 

Write Enable Input 

OE 

Output Enable Input 

lb.Db 

Data Byte Control Inputs 

Vdd 

Power (+5V) 

GND 

Ground 

N.U. 

Not Usable (Input) 


Pin Connection (Top View) 


TC551864AJ 



-O-2 


A4 C 

1 44 

: A5 

A3 C 

2 43 

] A6 

A2 C 

3 42 

] A7 

A1 C 

4 41 

JOE 

AO C 

5 40 

] UB 

CE C 

6 39 

] LB 

1/01 n 

7 _ 38 

] 1/018 

1/02 C 

8 ^ 37 

] 1/017 

1/03 C 

9 ^ 36 

] 1/016 

1/04 C 

10 “ 35 

] 1/015 

Vdd ^ 

11 34 

3 GND 

GND C 

12 Q. 33 

3 Vdd 

1/05 C 

13 O 32 

31/014 

1/06 L 

14 31 

3 1/013 

1/07 C 

15 30 

3 1/012 

1/08 C 

16 29 

3 1/011 

1/09 C 

17 28 

3 1/010 

WE C 

18 27 

3 N.U. 

A15 C 

19 26 

b A8 

A14 C 

20 25 

3 A9 

A13 : 

21 24 

3 A10 

A12 C 

.22 23^ 

3 All 


(SOJ) 
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Block Diagram 



Operating Mode 


OPERATING MODE 

CE 

OE 

WE 

LB 

UB 

1/01 ~ I/09 

I/010-*1/018 

POWER 

Read 

L 

L 

H 

L 

L 

Output 

Output 

■ddo 

H 

L 

High Impedance 

Output 

•ddo 

L 

H 

Output 

High Impedance 

•ddo 

Write 

L 

* 

L 

L 

L 

Input 

Input 

boo 

H 

L 

High Impedance 

Input 

•ddo 

L 

H 

Input 

High Impedance 

■ddo 

Output Disable 

L 

H 

H 

* 

* 

High Impedance 

High Impedance 

boo 

L 

* 

* 

H 

H 

boo 

Standby 

H 

* 

* ' 

* 

* 

High Impedance 

High Impedance 

bos 


*H or L Note: N.U. pin must be kept open elctrically or pulled down to GND level or less than 0.8V. 

Applying a voltage more than 0.8V to N.U. pin is prohibited. 


Maximum Ratings 


SYMBOL 

ITEM 

RATING 

UNIT 

Vdd 

Power Supply Voltage 

-0.5 ~ 7.0 

V 

V|N 

■ Input Terminal Voltage 

-2.0* ~ 7.0 

V 

V|/o 

Input/Output Voltage 

-0.5* ~ Vdd + 0.5 

V 

Pd 

Power Dissipation 

1.5 

w 

Tsolder 

Soldering Temperature (10s) 

260 


Tstrg 

Storage Temperature 

-65-150 


Topr 

Operating Temperature 

-10-85 

°c 


*-3V with a pulse width of 10ns 
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DC Recommended Operating Conditions (Ta = 0 ~ 70°C) 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

Vdd 

Power Supply Voltage 

4.5 

5.0 

5.5 

V 

V|H 

Input High Voltage 

2.2 

- 

VpD + 0.5 

V 

VlL 

Input Low Voltage 

-0.5* 

- 

0.8 

V 


*-3V with a pulse width of 10ns 


DC and Operationg Characteristics (Ta = 0 ~ 70°C, Vqd = 5V±10%) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

Ili 

Input Leakage Current (Except N.U. Pin) 

V|N = 0 ~VoD 

- 

- 

±10 

pA 

■lo 

Output Leakage Current 

CE=:V,h orWE = V,LorOE 
VoUT= 0 ~ ^DD 

= V|H 

- 

- 

±10 

pA 

■l(N.U.) 

Input Current (N.U. Pin) 

V|N = 0 - 0.8V 

-1 

- 

20 

pA 

■oh 

Output High Voltage 

VoH = 2.4V 

-4 

- 

- 

mA 

■OL 

Output Low Voltage 

VoL = 0.4V 

8 

- 

- 

mA 




^cycle = 15ns 

- 

- 

260 




CE = V|L, Iqut = 0mA, 

Other Inputs =V|hA/|i_ 

^cycle ~ 20ns 

- 

- 

220 


•ddo 

Operating Current 

^cycle “ 25ns 

- 

- 

200 

mA 



^cycle ” 30ns 

- 

- 

180 





■•cycle “ 50ns 

- 

- 

150 


■ddsi 

Standby Current 

ce = v,h, 

other Inputs = V|hA/|l 

- 

- 

30 

mA 

■dDS2 

CE = Vdd - 0.2V 

Other Inputs = Vqq - 0.2V or 0.2V 

- 

- 

1 


Capacitance (Ta = 25°C, f = 1.0MHz) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MAX. 

UNIT 

C|N 

Input Capacitance 

V,N = GND 

6 

PF 

C|/o 

Input/Output Capacitance 

V|/o=GND 

8 

pF 


Note: This parameter is periodically sampled and is not 100% tested. 
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AC Characteristics (Ta = 0 ~ 70°c(^), VpD = 5V±10%) 


Read Cycle 


SYMBOL 

PARAMETER 

TC551864AJ -15 

TC551864AJ -20 

UNIT 

MIN. 

MAX. 

MIN. 

MAX. 

tpc 

Read Cycle Time 

15 

- 

20 

- 


Ucc 

Address Access Time 

- 

15 

- 

20 


tco 

CE Access Time 

- 

15 

- 

12 


toE 

OE Access Time 

- 

8 

- 

10 


^BA 

UB, lb Access Time 

- 

8 

- 

10 


tOH 

Output Data Hold Time from Address Change 

5 

- 

5 

- 


^COE 

Output Enable Time from CE 

5 

- 

5 

- 


O 

m 

m 

Output Enable Time from OE 

1 

- 

1 

- 


^BE 

Output Enable Time from UB, LB 

1 

- 

1 



tcOD 

Output Disable Time from CE 

- j 

8 

- 

8 


toDO 

Output Disable Time from OE 

- ' 

8 

- 

8 


^BD 

Output Disable Time from UB, LB 

- ' 

8 

- 

8 



Write Cycle 


SYMBOL 

PARAMETER 

TC551864AJ -15 

TC551864AJ -20 

UNIT 

MIN. 

MAX. 

MIN. 

MAX. 

twc 

Write Cycle Time 

15 

- 

20 

- 


twp 

Write Pulse Width 

9 

- 

10 

- 


tew 

Chip Enable to End of Write 

12 

- 

13 

- 


tBW 

DB, lb Enable to End of Write 

12 

- 

13 

- 


Uw 

Address Valid to End of Write 

12 

- 

13 

- 


tAS 

Address Setup Time 

0 

- 

0 

- 

ns 

twR 

Write Recovery Time 

0 

- 

0 

_ 


tps 

Data Setup Time 

8 

- 

10 

- 


bh 

Data Hold Time 

0 

- 

0 

- 


toEW 

Output Enable Time from WE 

1 

_ 

1 

- 


tODW 

Output Disable Time from WE 

- 

8 

- 

8 



AC Test Conditions 


Input Pulse Levels 

3.0V/0.0V 

Input Pulse Rise and Fall Time 

3ns 

Input Timing Measurement Reference Level 

1.5V 

Output Timing Measurement Reference Level 

1.5V 

Output Load 

Fig.1 



Figure 1 
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Write Cycle 2 (CE Controlled) 


ADDRESSES 




High Impedance 


Write Cycle 3 (UB, LB Controlled) 


DATA IN STABLE 


ADDRESSES 



DATA IN STABLE 
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Notes; 

1. The operating temperature (Ta) is guaranteed with transverse air flow exceeding 400 linear feet per minute. 

2. WE is High for Read Cycle. 

3. Assuming that CE Low transition occurs coincident with or after the WE Low transition, Outputs 
remain in a high impedance state. 

4. Assuming that CE High transition occurs coincident with or prior to the WE High transition, Outputs 
remain in a high impedance state. 

5. Assuming that OE is High for Write Cycle, the Outputs are in a high impedance state during this period. 

6. These parameters are specified as follows and measured by using the load shown in Figure 1. 

(A) tcoE- bEE- bEW.Output Enable Time 

(B) tQOD> toDO> "^ODW ■ • ■ ■ Output Disable Time 
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Outline Drawings 


Unit in mm 

Plastic SOJ (SOJ44-P-400) 





Weight: 1.64g (typ.) 


1. This technical data may be controlled under U.S. Export Administration Regulations and may be subject to the approval of the U.S. Department of Commerce prior to export. Any export or re-export, directly or indi¬ 
rectly, in contravention of the U.S. Export Administration Regulations is strictly prohibited. 

2. LIFE SUPPORT POLICY 

Toshiba products described in this document are not authorized for use as critical components in life support systems without the written consent of the appropriate officer of Toshiba America, Inc. Life support sys¬ 
tems are either systems intended for surgical implant in the body or systems which sustain life. 

A critical component in any component of a life support system whose failure to perform may cause a malfunction of the life support system, or may affect its safety or effectiveness. 

3. The information in this document has been carefully checked and is believed to be reliable: however no responsibility can be assumed for inaccuracies that may not have been caught. All information in this data book 
is subject to change without prior notice. Furthermore, Toshiba cannot assume responsibility for the use of any license under the patent rights of Toshiba or any third parties. 
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TOSHIBA 


TC551402J-25 


PRELIMINARY 

SILICON GATE CMOS 

4,194,304 WORD X 1 BIT/1,048,576 WORD x 4 BIT CMOS STATIC RAM 
Description 

The TC551402J is a 4,194,304 bits high speed static random access memory, it is possible to change the organization 
between 4,194,304 words by 1 bit and 1,048,576 words by 4 bits using CMOS technology, and operated from a single 5-volt 
supply. Toshiba’s CMOS technology and advanced circuit form provides high speed feature. 

_The TC551402J has a low power feature with device control using Chip Enable (CE), and has an Output Enable input 

(OE) for fast memory access. 

The TC551402J is suitable for use in various application systems where high speed is required such as cache memory, high 
speed storage, main memory, and so on. All inputs and outputs are directly TTL compatible and separation. 

The TC551402J is packaged in a 32-pin SOJ with 400mil width for high density surface assembly. 


Features 

• Fast access time 

- TC551402J -25 25ns (max.) 

® Low power dissipation 

- TC551402J-25 160mA (max.) 

- Standby: 10mA (max.) 

• 5V single power supply: 6V±10% 

• Fully static operation 

• All inputs and outputs TTL compatible 

• I/O separation (x1 Mode), I/O common (x4 Mode) 

• Output buffer control: OE 
® Package: 

- TC551402J: SOJ32-P-400A 


Pin Names 


AO ~ A21 

Address Inputs 

D 

Data Input 

Q 

Data Output 

CE 

Chip Enable Input 

WE 

Write Enable Input 

OE 

Output Enable Input 

Vdd 

Power (+5V) 

GND 

Ground 

B1/B4 

Bit Function 


Pin Connection (Top View) 



(SOJ) 
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Static RAM 
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Block Diagram 



Truth Table 

TC551402J is possible to change the organization of bit mode between 4M words by one bit and 1M words by four bits with 
input level of pin condition B1/B4. 

“4M X 1 Mode” is performed on when pin pin B1/B4 is held on “V|h level”. On the other hand “1M x 4 Mode” requires B1/B4 
to be connected to “V|i_ level”. 

Input level of B1/B4 condition must be set at the same time of power on. Any chnage of input level B1/B4, high or low, is pro¬ 
hibited after power on. 


MODE 

B1/B4 


OE 

WE 

I/O 

POWER 

x1 Mode 

Read 

H 

L 

L 

H 

^OUT 

'□DO 

Write 

H 

L 

* 

L 

D|N 

■ddo 

Output Disable 

H 

L 

H 

H 

High-Z 

boo 

Standby 

H 

H 

* 

* 

High-Z 

bos 

x4 Mode 

Read 

L 

L 

L 

H 

Dqut 

boo 

Write 

L 

L 

* 

L 

D|n 

boo 

Output Disable 

L 

L 

H 

H 

High-Z 

boo 

Standby 

L 

H 

* 

* 

High-Z 

bos 


*:H or L 
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Maximum Ratings 


SYMBOL 

ITEM 

RATING 

UNIT 

Vdd 

Power Supply Voltage 

-0.5 ~ 7.0 

V 

V|N 

Input Terminal Voltage 

-2.0* ~ 7.0 

V 

VqUT 

Output Terminal Voltage 

-0.5* ~ Vdd + 0.5 

V 

Pd 

Power Dissipation 

1.0 

w 

TsOLDER 

Soldering Temperature (10s) 

260 

"C 

Tstrg 

Storage Temperature 

-65 ~150 

°c 

Tqpr 

Operating Temperature 

-10-85 



*-3V with a pulse width of 10ns 


DC Recommended Operating Conditions (Ta = 0 - 70°C) 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

Vdd 

Power Supply Voltage 

4.5 

5.0 

5.5 

V 

V|H 

Input High Voltage 

2.2 

- 

Vdd + 0.5 j 

V 

V,L 

Input Low Voltage 

-0.5* 

- 

0.8 

V 


*-3V with a pulse width of 10ns 


DC and Operating Characteristics (Ta = 0 ~ 70°C, Vqd = 5V±10%) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

Ili 

Input Leakage Current 

V|N = 0 ~ VpD 

- 

- 

±10 

liiA 

•oh 

Output High Current 

Voh = 2.4V 

-4 

- 

- 

mA 

■OL 

Output Low Current 

Vql = 0.4V 

8 

- 

- 

■lo 

Output Leakage Current 

CE = V,H or We = V,L or OE = V|h 

VoUT= 0 - Vpp 

- 

- 

±10 

liA 

Iddo 

Operating Current 

= Min cycle, 

CE = V|L, louT " 0mA, 

Other Inputs = V|hA/|l 

- 

- 

160 

mA 

•ddsi 

Standby Current 

CE = V|h, 

other Inputs = V|h/V||_ 

- 

- 

30 

mA 

•dDS2 

CE = Vdd ■0.2V 

Other Inputs = Vqd - 0.2V or 0.2V 

- 

- 

10 

Capacitance (Ta = 25°C, f = 1 .OMHz) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MAX. 

UNIT 


C|N 

Input Capacitance 

V,N = GND 

8 

pF 

C^OUT 

Output Capacitance 

Vout=GND 

8 

PF 


Note: This parameter is periodically sampled and is not 100% tested. 
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AC Characteristics (Ta = 0 ~ 70°C(^^ Vdd = 5V±10%) 


Read Cycle 


SYIVIBOL 

— 

PARAMETER 

TC551402J -25 

UNIT 

MIN. 

MAX. 

^RC 

Read Cycle Time 

25 

- 


Ucc 

Address Access Time 

- 

25 


^CO 

Chip Enable Access Time 

- 

25 


tOE 

Output Enable Access Time 

- 

12 


^COE 

Output Enable Time from CE 

5 

- 


tcOD 

Output Disable Time from CE 

- 

10 

ns 

tOEE 

Output Enable Time from OE 

1 

- 


tODO 

Output Disable Time from OE 

- 

10 


^OH 

Output Data Hold Time from Address Change 

5 

- 


^PU 

Chip Selection to Power Up Time 

0 

- 


tpD 

Chip Deselection to Power Down Time 

- 

25 



Write Cycle 


SYMBOL 

PARAMETER 

TC551402J -25 

UNIT 

MIN. 

MAX. 

^wc 

Write Cycle Time 

25 

- 


twp 

Write Pulse Width 

13 

- 


Uw 

Address Valid to End of Write 

20 

- 


tew 

Chip Enable to End of Write 

20 

- 


Us 

Address Setup Time 

0 

- 

ns 

twR 

Write Recovery Time 

0 

- 

tOEW 

Output Enable Time from WE 

1 ' 

- 


toDW 

Output Disable Time from WE 


10 


hs 

Data Setup Time 

12 

- 


toH 

Data Hold Time 

0 

- 



AC Test Conditions 


Input Pulse Levels 

3.0V/0.0V 

Input Pulse Rise and Fall Time 

3ns 

Input Timing Measurement Reference Level 

1.5V 

Output Timing Measurement Reference Level 

1.5V 

Output Load 

Fig. 1 


5V 5V 



(For tcOE. ^OEE/ kOD. koo. 
kEw.kow) 


Figure 1. 


B-44 


TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 


PRELIMINARY 






SR04010995 


Static RAM 


TC551402J-25 


Timing Waveforms 

Read Cycle 



Write Cycle 1 (WE Controlled Write) 



Write Cycle 2 (CE Controlled Write) 
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Notes: 

1. The operating temperature (Ta) is guaranteed with transverse air flow exceeding 400 linear feet per minute. 

2. WE is High for Read Cycle. 

3. Assuming that CE Low transition occurs coincident with or after the WE Low transition, Outputs 
remain in a high impedance state. 

4. Assuming that CE High transition occurs coincident with or prior to the WE High transition, Outputs 
remain in a high impedance state. 

5. Assuming that OE is High for Write Cycle, the Outputs are in a high impedance state during this period. 

6. These parameters are specified and measured by using the load shown in Figure 1. 

(A) tcoE> ^OEB ^EW.Output Enable Time 

(B) tcoD. boo- ^ODW-Output Disable Time 
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Notes 


1. This technical data may be controlled under U.S. Export Administration Regulations and may be subject to the approval of the U.S. Department of Commerce prior to export. Any export or re-export, directly or indi¬ 
rectly, in contravention of the U.S. Export Administration Regulations is strictly prohibited. 

2. LIFE SUPPORT POLICY 

Toshiba products described in this document are not authorized for use as critical components in life support systems without the written consent of the appropriate officer of Toshiba America, Inc. Life support sys¬ 
tems are either systems intended for surgical implant in the body or systems which sustain life. 

A critical component in any component of a life support system whose failure to perform may cause a malfunction of the life support system, or may affect its safety or effectiveness. 

3. The information in this document has been carefully checked and is believed to be reliable; however no responsibility can be assumed for inaccuracies that may not have been caught. All information in this data book 
is subject to change without prior notice. Furthermore, Toshiba cannot assume responsibility for the use of any license under the patent rights of Toshiba or any third parties. 


B-48 


TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 


PRELIMINARY 



High Speed Synchronous SRAM 



TOSHIBA 


TC55V1165FF-8/10/12 

PRELIMINARY 


65,536 WORD x 16 BIT SYNCHRONOUS PIPELINE BURST SRAM 


Description 

The TC55V1165FF is a 1,048,576 bit synchronously pipelined burst SRAM that is organized as 65,536 words by 16 bits and 
designed for use in a secondary cache to support MPUs which have burst functions. 

The TC55V1165FF integrates a 2-bit burst address counter and control logic with a 64K x 16 static RAM. All inputs, 
except the output enable (OE) input, are synchronous with either the rising edge of the c lock (CLK) input. 

_TTe read operation can be initiated with either the address status processor (ADSP) input or the address statu s con troller 

(ADSC) input. Subsequent burst addresses can be generated internally and are controlled by the address advance (ADV) input. 

_Th e write operation is internally self-tinned and is initiated by the rising edge of the clock (CLK) input. Byte Write Enables 

(BW1 - BW2) allow a one to two byte write operation according to their logic states. 

The TC55V1165FF operates from a single 3.3V power supply, and is packaged in a low profile 100-pin plastic QFP 
(LQFP). 


Features 

• Organization: 64K words x 16 bits 

• Fast cycle time: 15ns min. {66.7MHz) 

• Fast access time: 8ns (max.) (Clock to data output) 

® Pipelined burst operation 

® 2-bit burst address counter (Interleaved Burst or Linear 
Burst Sequences) 

® Synchronous self-timed write (Global Write and Byte Write) 
® LVTTL compatible interface 
® Package: 

- 100-pin LQFP (0.65mm pitch, 1.6mm height typ.): 
LQFP100-P-1420 (Weight: 0.56g typ.) 


Pin Names 


AO-A15 

Address Inputs 

1/01 1/016 

Data Inputs /Outputs 

CLK 

Clock Input 

CE, CE2, CE2 

Chip Enable Inputs 

ADSP 

Address Status Processor 

Input 

ADSC 

Address Status Controller Input 

ADV 

Address Advance Input 


Global Write Enable Input 

BWE 

Byte Write Enable Input 

BWT~ BW2 

Byte Write Enable Inputs 

OE 

Output Enable Input 

MODE 

Mode Select Input 

zz 

Snooze Input 


Not Usable Input 

VddT'^ddq 

Power 

Vs^V^ 

Ground 


Pin Connection (Top View) 


Vi 


U3 r'.ILLlUJ U u|^l$|ujQ 

< <IUU 2 2lcolcalU> 




u a 

Vi va|> 

, O Q Qoo a\ 

lO < <l<< < 


1/09 CT 


1/012 m 
Ncm 
vDom 
Ncm 


1/01501 

1/01601 

NCOI 

Ncor 


Ncm 



99 

97 95 93 91 89 87 85 83 81 


m 

AlO 

] 100 98 

96 94 92 90 88 86 84 82 

80 

2 


79 

rn 

NC 

3 



78 

la 

NC 

4 



77 

ID 

VDDQ 

5 



76 

rn 

VSSQ 

6 



75 

m 

NC 

7 



74 

in 

NC 

8 



73 

m 

1/08 

9 



72 

m 

1/07 

10 



71 

m 

VSSQ 

11 



70 

mi 

VDDQ 

12 



69 

m 

1/06 

13 



68 

m 

1/05 

14 



67 

in 

VSS 

15 

16 


(Top View) 

66 

65 

m 

m 

NC 

VDD 

17 



64 

m 

22 

18 



63 

m 

1/04 

19 



62 

m 

1/03 

20 



61 

m 

VDDQ 

21 



60 

m 

VSSQ 

22 



59 

m 

1/02 

23 



58 

m 

1/01 

24 



57 

m 

NC 

25 



56 

m 

NC 

26 



55 

m 

VSSQ 

27 



54 

m 

VDDQ 

28 



53 

m 

NC 

29 



52 

m 

NC 

30 

32 

34 36 38 40 42 44 46 48 50 

'51 

m 

NC 


31 33 

1 35 37 39 41 43 45 47 49 




0<<<<<<2Z»^Q22 — 

Q >> <<<<< 


TOSHIBA AMERICA ELECTROIMIC COMPOIMENTS. INC. 





TC55V1165FF-8/10/12 


Static RAM 


SR01011295 


Block Diagram 
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Pin Descriptions 


Pin Number 

Symbol 

Type 

Description 

37, 36, 35, 34, 33, 32, 

100, 99, 82,81,44, 45, 

46,47, 48 

A0-A15 

Input 

Synchronous Address Inputs. 

(Synchronous) 

These address inputs are registered on the rising edges of CLK. All 

address inputs must meet the setup and hold times for all rising edges 
of CLK when the chip is enabled. 

93, 94 

WT,BW2 

Input 

Synchronous Byte Write Enables. 

(Synchronous) 

These inputs are active low and control byte write operations when 

BWE is low. BWl controls 1/01 - 8. BW2 controls 1/09 -16. For byte 

write operations, if either of two inputs are low, all outputs are in high 
impedance. 

87 

Fwe 

Input 

Synchronous Byte Write Enable. 

(Synchronous) 

This input is active low and controls byte write operations. 

88 

GW 

Input 

Synchronous Global Write. 

(Synchronous) 

This input is active low and controls a 1 Gbit write operation indepen- 

dent of the BWE and BW1, BW2 inputs. 

89 

CLK 

Input 

Reference Clock. 

All synchronous Input signals are registered on all rising edges of CLK. 

All synchronous signal timings are measured from the rising edges of 

CLK. All synchronous input signals must meet the setup time and hold 
times referenced to the rising edges of CLK. 

83 

ADV 

Input 

Synchronous Burst Advance. 

(Synchronous) 

This signal is active low and controls the Internal burst address counter 

after the external address is loaded. When the signal is low, the internal 

burst address is not advanced. If a write operation initiated by ADSP is 

desired, this signal must be high to write the loaded address at the ris- 
ing edge of the first clock after an assertion of ADSP. 

84 

ADSP 

Input 

Synchronous Address Status Processor. 

(Synchronous) 

The signal is active low. This signal controls the burst start by register- 

ing the new external address. The write enables (GW, BWE, BWl, BW2) 

are ignored at the assertion of ADSP and a read operation is initiated. A 

subsequent operation is dependent on the write enables at the rising 

edge of the first clock after an assertion of ADSP. This signal is ignored 
if CE is high. 

85 

ADSC 

Input 

Synchronous Address Status Controller. 

(Synchronous) 

This signal is active low. This signal initiates a burst read or write 

depending on the write enables (GW, BWE, BWl, BW2) by registering 
the new external address. 

98 


Input 

Synchronous Chip Enable. 

(Synchronous) 

This signal is active low. This signal controls the chip status (enable or 

disable) and the internal use of ADSP. This signal is sampled only when 
a new external address is loaded. 

92 

CE2 

Input 

Synchronous Chip Enable. 

(Synchronous) 

This signal is active low. This signal controls the chip status (enable or 

disable). This signal is sampled only when a new external address is 

loaded. This input can be used for memory address depth expansion. 

97 

CE2 

Input 

Synchronous Chip Enable. 

(Synchronous) 

This signal is active high. This signal controls the chip status (enable or 

disable). This signal is sampled only when a new external address is 

loaded. This input can be used for memory address depth expansion. 
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86 

OE 

Input 

Asynchronous Output Enable. 



(Asynchronous) 

This signal is active low and controls all 16bit I/O buffers. This signal 




must be high for the time write data is driven prior to the assertion of 




the byte write enables (GW, BWE, BWl, BW2) following a read opera¬ 
tion. 

Pin Number 

Symbol 

Type 

Description 

58, 59, 62, 63, 68, 69, 

1/01 -1/016 

Input /Output 

Synchronous Data Inputs/Outputs. 

72, 73, 8, 9,12,13, 


(Synchronous) 

Bytel is 1/01 -1/08, Byte2 is 1/09 -1/016. 

18,19, 22, 23 




3T 

MODE 

Input 

Mode Select. 



(Asynchronous) 

This signal is used to select the burst sequence. If this signal is high or 




not connected, the burst sequence is Interleaved Burst. If this signal is 




low, the burst sequence is Linear Burst. This input is internally pulled 




up. Altering the input state while the device is operating is prohibited. 

64 

ZZ 

Input 

Snooze. 



(Asynchronous) 

This signal is active high and is used to place the device Into sleep 




mode, which Is a low power standby mode. If this signal is low or not 




connected, the device is in an active state. If this signal Is high, the 




device is in a sleep state, and the memory data is retained. The device 




wakes up when a read or write operation is initiated byADSP or ADSC 
after deasserting this signal. This input must be connected to 
when ZZ mode is not used. 


Wj 

Input 

Not Usable. 



(Asynchronous) 

This signal is used only by the manufacturer. This signal must be low or 
not connected. This input is internally pulled down. 

1,2, 3, 6, 7, 14,16, 



No Connection. 

24, 25, 28, 29, 30, 39, 
42, 43, 49, 50, 51,52, 
53, 56, 57, 66, 74, 75, 
78, 79 



These inputs are not internally connected. Pin numbers 49 and 50 are 
reserved for future device expansion. 

15, 41,65, 91 

Vdd 

Supply 

Power Supply. 

17, 40, 67, 90 


Ground 

Ground. 

4,11,20, 27, 54, 61, 
70, 77 

Vddq 

Supply 

Output Buffer Power Supply. 

5,10, 21,26, 55, 60, 
71,76 


Ground 

Output Buffer Ground. 


C-4 


TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 


PRELIMINARY 









SR01011295 


Static RAM 


TC55V1165FF-8/10/12 


Operation Mode 

(1) Synchronous Input Truth Table -> 


Operation 

CLK 


CE2 

CE2 



— 

W\i 


zz^ 

ADDRESS 

USED 

I/O 5 

CURRENT 2 

ADSP 

ADSC 

WRITE'* 


r=rH 

L 

L 

H 

L 

X 

X 

X 

L 

External 

Dout (n) 

- 


r^H 

L 

L 

H 

H 

L 

X 

H 

L 

Address 

'ddoi 


r^H 

X 

X 

X 

H 

H 

L 

H 

L 

Next Burst 



Continue Burst Read 










Dout (n) 

7 

r^H 

H 

X 

X 

r® 

H 

L 

H 

L 

Address 

‘ddoi 


r^H 

X 

X 

X 

H 

H 

H 

H 

L 

Current 



Suspend Burst Read 

_ _ 

_ 

_ 

_ 


_ 

_ 

_ 


Burst 

Dout (n) 

bD02 


L-^ H 

H 

X 

X 


H 

H 

H 

L 

Address 













External 




L-^H 

L 

L 

H 

H 

L 

X 

L 

L 

Address 


N/A 

Begin Burst Write 

r=rH 

X 

X 

X 

H 

H 

H 

L 

L 

Current 

Din (p) 







— 





Burst 


N/A 


r=TH 

H 

X 

X 

L® 

H 

H 

L 

L 

Address 





X 

X 

X 

H 

H 

L 

L 

L 

Next Burst 



Continue Burst Write 










nin 


r^TH 

H 

X 

X 

n 

H 

L 

L 


Address 

um ^p; 


r^TH 

X 

X 

X 

H 

H 

H 

L 

L 

Current 



Suspend Burst Write 



_ 


- 





Burst 

Din (p) 

nTa 


L-^H 

H 

X 

X 

L® 

H 

H 

L 

L 

Address 




r=TH 

H 

X 

X 

X 

L 

X 

X 

L 





r^H 

L 

H 

X 

L 

X 

X 

X 

L 




Deselected 

r^TH 

L 

X 

L 

L 

X 

X 

X 

L 

None 

Hi-Z(p) 

•dDS2 


r=rH 

L 

H 

X 

H 

L 

X 

X 

L 





r^TH 

L 

X 

L 

H 

L 

X 

X 

L 




Snooze 

r^TH 

X 

X 

X 

X 

X 

X 

X 

H 

None 

Hi-Z(p) 

•dd^ 


Note: 1. ZZ input is asynchronous, but is included in this table. 

2. Consumption current does not include output buffer current. 

3. H is log ical High and L is logical Low. X is High or Low.__ _ _ 

4. WRITE = L means any o ne or two byte write enable i nputs (BW1, BW2) and BWE are Low or GW is Low. WRITE = 
H means GW and BWE are High, or GW is High and BWE is Low and all byte write enable inputs are High. 

5. (n) and (p) indi cate the cycles affe cted b y the synchr onous control inputs, (n) is the next cycle, (p) is present cycle. 

6. When CE = H, ADSP is disabled (ADSP = X). ADSP = L to avoid redundancy with the previous truth table entry 
when CE = H and ADSP = H. 


PRELIMINARY 


TOSHIBA AMERICA ELECTROIMIC COMPONENTS, INC. 


C-5 I 


High Speed 
Syitchfonous 





TC55V1165FF-8/10/12 


Static RAM 


SR01011295 


C-6 


(2) Partial Truth Table for Write Enables (Synchronous Input) 


Operation 

CLK 

GW 

BWE 

BW1 

BW2 

1/01 -1/08 

I/09 -1/016 

Read 

r^TH 

H 

H 

X 

X 

Dout (n) 

Dout (n) 

r^TH 

H 

L 

H 

H 

Dout (n) 

Dout (n) 


r=rH 

L 

X 

X 

X 

Din (p) 

Din (p) 

Write 

r=rH 

H 

L 

L 

L 

Din (p) 

Din (p) 

r^H 

H 

L 

L 

H 

Din (p) 

Hi-Z(p) 


r=TH 

H 

L 

H 

L 

Hi-Z(p) 

Din (p) 


Note: 1. (n) and (p) indicate the cycles affected by the synchronous control inputs, (n) is the next cycle, (p) is present cycle. 

(3) Asynchronous Truth Table 


Operation 

OE 

ZZ 

1/01 -1/032 

Read 

L 

L 

Dout 

H 

L 

Hi-Z 

Write 

X 

L 

Din, Hi - Z 

Deselected 

X 

L 

Hi-Z 

Snooze 

X 

H 

Hi-Z 


(4) Write Pass-through Truth Table 


Previous Cycle 

Present Cycle 

Next Cycle 

Operation 

Addr. 

WRITE 

I/O 

Operation 

Addr. 

WRITE 

CE 

CE2 

CE2 

ADSP 

ADSC 

ADV 

OE 

I/O 

I/O 


Ak 

L 

DiT 

(Ak) 

ADSP 

Initiated 

Read 

Cycle 

Arn 

X 

L 

L 

H 

L 

X 

X 

L 

OrT 

(Ak) 

Q1 (Am) 

ADSC 

Am 

H 

L 

L 

H 

H 

L 

X 

L 

Write 

Cycle 

Initiated 

Read 

Cycle 

Con- 

tinue 

Read 

Cycle 

X 

H 

X 

X 

X 

H 

H 

L 

L 


X 

H 

H 

X 

X 

L 

H 

L 

L 

Qn +1 (Ak) 


Note: 1. Dn (Ak) represents input data for the n-th burst address starting from address Ak. 

2. Qn (Ak) represents output data from the n-th burst address starting from address Ak. 

3. n = 1,2 ,3, or 4. __ _ _ 

4. WRITE = L means any o ne or two byte write enable i nputs (BW1, BW2) and BWE are Low or GW is Low. WRITE = 
H means GW and BWE are High, or GW is High and BWE is Low and all byte write enable inputs are High. 
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(5) Interleaved Burst Sequence (MODE input = NO or Vqq) 

Bit Order! A-|^ ^14 . ^3 ^2 ^1 ^0 

Lower 2 bits are internally generated from the external address. 


1st Address (External) 

2nd Address (Internal) 

3rd Address (Internal) 

4tti Address (Internal) 

XX .xxOO 

XX .xxOI 

XX .xxl 0 

XX.xxl 1 

XX .xxOI 

XX .xxOO 

XX .xxl 1 

XX .xxl 0 

XX.xxl 0 

XX.xxl 1 

XX .xxOO 

XX .xxOI 

XX.xxl 1 

XX .xxl 0 

XX .xxOI 

XX .xxOO 


The burst address wraps around to its initial state. 


(6) Linear Burst Sequence (MODE input = Vss) 

Bit Order! A-14.A3 A2 A-j Aq 

Lower 2 bits are internally generated from the external address. 


1st Address (External) 

2nd Address (Internal) 

3rd Address (Internal) 

4th Address (Internal) 

XX .xxOO 

XX .xxOI 

XX .xxl 0 

XX.xxl 1 

XX .xxOI 

XX.xxl 0 

XX .xxl 1 

XX .xxOO 

XX .xxl 0 

XX.xxl 1 

XX .xxOO 

XX .xxOI 

XX .xxl 1 

XX .xxOO 

XX .xxOI 

XX .xxl 0 


The burst address wraps around to its initial state. 


Maximum Ratings 


SYMBOL 

ITEM 

RATING 

UNIT 

Vqd 

Power Supply Voltage 

-0.5 ~ 4.6 

V 

Vddq 

Output Buffer Power Supply Volt¬ 
age 


V 

-0.5 ~ Vdd 

VjN 

Input Terminal Voltage 

-0.5* ~ 4.6 

V 

Vi76 

Input/Output Terminal Voltage 

-0.5* ~ Vddq + 0.5** 

V 

Pd 

Power Dissipation 

TT2 

W 

^SOLDER 

Soldering Temperature (1 Os) 

260 


Tst^ 

Storage Temperature 

-65-150 


Tqpr 

Operating Temperature 

-10-85 

°c 


-1.5V with a pulse width of 20% • t^c nnin (4ns max) 

Vddq + "I with a pulse width of 20% • t^c (4ns max) 
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DC Recommended Operating Conditions (Ta = 0 ~ 70°C) 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

Vdd 

Power Supply Voltage 


33 

33 

V 

Vddq 

Output Buffer Power Supply Voltage 

sTf 

33 

33 

V 

VjH 

Input High Voltage 

2^0 

= 

Vdd + 0.3** 

V 

ViHT 

Input High Voltage for MODE pin 

ICO 

6 

Vdd 

Vdd + 0.3 

V 

vc 

Input Low Voltage 

-0.3* 



V 

VitT 

Input Low Voltage for MODE and NU pins 


o3 

o3 

V 


* : -1 .OV with a pulse width of 20% • tKc min (4ns max) 

** ■ Vqq + 1 .OV with a pulse width of 20% • t^c min (4ns max) 

Note: NU pin must be low or not connected. 
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DC and Operating Characteristics (Ta = 0 - 70°C, = Vqdq = 3,1V ~ 3.6V) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

Ili 

Input Leakage Current 
(Except MODE, ZZ, NU pins) 

ViN = 0 ~ Vdd 

- 

- 

±T 

jlA 

•lo 

Output Leakage Current 

Device Deselected or Output Dese- 
lected, 

VouT = 0 ~ Vqd 



±T 

ha 

ii 

Input Current 

MODE pin 

Vin = Vdd~Vdd-0.3V 



1 

ha 

ViN = 0 ~ 0.3V 



1 


Vin = Vdd-2.0V 



100 

ZZ pin 

V,N = 0 - 0.8V 



20 

ViN = 0 ~ 0.3V 



1 

NU pin 

ViN = 0 ~ 0.3V 



1 

VoH 

Output High Voltage 

ioH = “8mA 

2A 


= 

V 

bu = OOpA 

Vdd^ 



VoL 

Output Low Voltage 

ioL = 8mA 

= 


04 

W ^ OOfxA 



02 

•ddoi 



Device Selected, 
buT = 8 

All inputs = V|hA/il 

CLK > tj^min. 

- 



rnA 

Operating Current 

180 

bD02 



Device Selected, 

buT = 8 rnA 




mA 

Operating Current (Idle) 

ADSC, ADSP, ADV>Vth 

All Inputs = Vto/Vtt 

cnrrti^si^? 

bosi 


Device Selected, 





Standby Current (CLK running) 

All inputs = VtuA/tt 

CLK > tj^min. 

mA 

•dDS2 



Device Selected, 



2 

rnA 

Standby Current 

All inputs = Vdd - 8.2V or 0.2V, 

CLK frequency = OHz 

boss 



ZZ = Vdd-0.2V, 



2 


Snooze Current 

All inputs = VtoA/tt 

CLK>t^min. 

rnA 


Capacitance (Ta = 25°C, f = 1.0MHz) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MAX. 

UNIT 

CiN 

Input Capacitance 

ViN = GND 

5 

PF 

Input Capacitance for MODE, ZZ, NU pin 

VjN = GND 

8 

PF 

^OUT 

Input/Output Capacitance 

Vi/o = GND 

7 

pF 


NOTE: This parameter is periodicaily sampled and is not 100% tested. 
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AC Characteristics (Ta = 0 ~ 70°C, Vpp = VppQ = 3.1V ~ 3.6V) 


SYMBOL 

PARAMETER 

TC55V1165FF-8 

TC55V1165FF-10 

TC55V1165FF-12 

UNIT 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

^KC 

CLK Cycle Time 

15 


16 

= 


= 

ni 

^KH 

CLK High Pulse Width 

5 


5 


6 


tKL 

CLK Low Pulse Width 

5 


5 

- 

6 


^KQV 

Access Time from CLK 

= 

8 

= 

To 

= 

12 

^KQX 

Output Hold Time from CLK 

2 

= 

2 


2 


^KQLZ 

Output Enable Time from CLK 

5 

= 

5 

= 

5 

= 

^KQHZ 

Output Disable Time from CLK 

2 

5 

2 

5 

2 

6 

tQQV 

Access Time from OE 

== 

6 


6 


7 

^GQLZ 

Output Enable Time from OE 

0 

= 

0 

= 

0 

= 

^GQHZ 

Output Disable Time from OE 

2 

5 

2 

5 

2 

6 

Us 

Address Input Setup Time from CLK 


= 


= 


= 

Uh 

Address Input Hold Time from CLK 

05 


05 




Udss 

ADSP, ADSC Input Setup Time from CLK 



2^ 


OO 


Udsh 

ADSP, ADSC Input Hold Time from CLK 

05 


05 


05 


Us 

ADV Input Setup Time from CLK 



05 




Wh 

ADV Input Hold Time from CLK 

05 




05 


tws 

GW, BWE, BW1, BW2 Input Setup Time from CLK 





oo 


‘ twH 

GW, BWE, BW1, BW2 Input Hold Time from CLK 

05 


05 


05 


Ues 

CE, CE2, CE2 Input Setup Time from CLK 

05 






Ueh 

CE, CE2, CE2 Input Hold Time from CLK 

05 




05 


Us 

Data Setup Time CLK 





OO 


Uh 

Data Hold Time CLK 

05 




05 


Us 

ZZ Standby Time 

5 j 


5 


6 


Ur 

ZZ Recovery Time 

8 

= 

10 

= 

12 

= 

Uhz 

Output Disable Time ZZ 

0 

12 

0 

12 

0 

14 


AC Test Conditions 


Input Pulse Levels 

3.0/0.0V 

Input Pulse Rise and Fall Time 

3ns 

Input Timing Measurement Reference Level 

TTsv 

Output Timing Measurement Reference Level 

iT^ 

Output Load 

Fig.1 


3.3V 



= 1.5V 

(For Ikqlz. koHZ. 
tcQLZ. arid tQQHz) 


Figure 1. 
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Timing Waveforms 

Read Cycle 



Note 

1. Q1(A2) represents output data from 1st burst address starting from address A2. Q2(A2) 

represents output data from 2nd burst address starting from address A2. 

2. ZZ is Low. 
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Write Cycle 




Don't care 
Undefined 


Note 

1. D1(A2) represents input data for 1st burst address starting from address A2. D2(A2) 

represents input data for 2nd burst address starting from address A2. 

2. ZZ is Low. 
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Write Cycle (Byte Write Timing) 



ADSP 
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Read/Write Cycle 



Note 

1. When a write operation follows a read operatio n, OE must be driven high prior to the 
assertion of the byte write enables (GW, BWE, BWl, BW2) and before input data is 
applied to avoid data bus contention. 

2. ZZ is Low. 
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NOTE: 1. Don’t apply opposite phase data to the I/O pins when they are in the output state. 

2. Output enable and output disable times are specified as follows with the output load shown in Figure 1. 


(a) tKQLZ, tKQHZ 



*1: The input states are defined in the Synchronous Input Truth Table. 

*2: If the device was previously deselected, _\^en the device is selected, the output remains in a high impedance state 
in the present clock cycle r^ardless of OE because of the output enable delay register. Valid data appears in the 
second clock cycle when OE is low. 

*3: When the device is deselected, the output goes into a high impedance state in the present clock cycle regardless 
of OE. 


(b) tGQLZ, tGQHZ, tzHZ 
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Notes 


1. This technical data may be controlled under U.S. Export Administration Regulations and may be subject to the approval of the U.S. Department of Commerce prior to export. Any export or re-export, directly or indi¬ 
rectly, in contravention of the U.S. Export Administration Regulations is strictly prohibited. 

2. LIFE SUPPORT POLICY 

Toshiba products described in this document are not authorized for use as critical components in life support systems without the written consent of the appropriate officer of Toshiba America, Inc. Life support sys¬ 
tems are either systems intended for surgical implant in the body or systems which sustain life. 

A critical component in any component of a life support system whose failure to perform may cause a malfunction of the life support system, or may affect its safety or effectiveness. 

3. The information in this document has been carefully checked and is believed to be reliable; however no responsibility can be assumed for inaccuracies that may not have been caught. All information in this data book 
is subject to change without prior notice. Furthermore, Toshiba cannot assume responsibility for the use of any license under the patent rights of Toshiba or any third parties. 
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32,768 WORD x 32 BIT SYNCHRONOUS PIPELINE BURST SRAM 


Description 


The TC55V1325FF is a 1,048,576 bit synchronously pipelined burst SRAM that is organized as 32,768 words by 32 bits and 
designed for use in a secondary cache to support MPUs which have burst functions. 


The TC55V1325FF integrates a 2-bit burst address counter and control logic with a 32K x 32 static RAM. All inputs, except 
the Output Enable (OE) input, are synchronous with either the rising edge of the c lock (C LK) input. 

_ The read operation can be initiated with either the address status processor (ADSP) input or the address statu s con troller 

(ADSC) input. Subsequent burst addresses can be generated internally and are controlled by the address advance (ADV) input. 

_Th e write operation is internally self-timed and is initiated by the rising edge of the clock (CLK) input. Byte Write Enables 

(BW1 - BW4) allow a one to four byte write operation according to their logic states. 

The TC55V1325FF operates from a single 3.3V power supply, and is packaged in a low profile 100-pin plastic QFP (LQFP). 


Features 


Pin Connection (Top View) 


o Organization: 32K words x 32 bits 

• Fast cycle time: 15ns min. (66.7MFIz) 

® Fast access time: 8ns (max.) (Clock to data output) 

® Pipelined burst operation 

® 2-bit burst address counter (Interleaved Burst or Linear 
Burst Sequences) 

® Synchronous self-timed write (Global Write and Byte Write) 
® LVTTL compatible interface 
® Package: 

- 100-pin LQFP (0.65mm pitch, 1.6mm height typ.): 
LQFP100-P-1420 (Weight: 0.56g typ.) 


Pin Names 


A0~ A14 

Address Inputs 

I/01 ~ 1/032 

Data Inputs /Outputs 

CLK 

Clock Input 

CE, CE2, CE2 

Chip Enable Inputs 

ADSP 

Address Status Processor 
Input 

ADSC 

Address Status Controller Input 

ADV 

Address Advance Input 


Global Write Enable Input 

BWE 

Byte Write Enable Input 

BWT-BW4 

Byte Write Enable Inputs 


Output Enable Input 

MODE 

Mode Select Input 

ZZ 

Snooze Input 

NU 

Not Usable Input 

Vqd, Vddq 

Power 

Vss, VsSQ 

Ground 


aicD\ca\m\yj> > vj|0|cdI< 


U Q. 

, QQQOOO% 

lO < <k < < 


/- 

Ncm 1 
I/017CII 2 
1/01801 3 
VDDQOI 4 
VSSQOI 5 
i/019nj. 6 
1/02001 7 
1/021 OI 8 
1/022 OI 9 
VSSQOI 10 
VDDQOI 11 
1/02301 12 
1/024 OI 13 
NCCH 14 
VDDOr 15 
NCCH 16 
VSSOI 17 
1/025 or 18 
1/026 OI 19 
VDDQOI 20 
VSSQOI 21 
1/02701 22 
I/028OI 23 
I/029OI 24 
I/0300I 25 
VSSQOI 26 
VDDQOI 27 
1/03101 28 
1/03201 29 
NCOI 30 




99 97 95 93 91 89 87 85 83 81 
100 98 96 94 92 90 88 86 84 82 


O 


32 34 36 38 40 42 44 46 48 50 
31 33 35 37 39 41 43 45 47 49 


TMIMHIMlMIMr 

uiriTrmiN — — rsifn'trvjvj 

3<<<<<<2Z‘/^02Z-'-'--Z2 

2 >> <<<<< 


ro Nc 
in I/ 01 6 
in I/O 15 
m VDDQ 

m vssQ 

m 1/014 
m 1/013 

m 1/012 
m 1/011 
m VSSQ 

m VDDQ 

m i/oio 
m 1/09 
m vss 
m NC 

m VDD 

m zz 
m 1/08 
m 1/07 
ro VDDQ 
m VSSQ 
m 1/06 

HD 1/05 
m 1/04 
m 1/03 

m VSSQ 

m VDDQ 

m 1/02 
m 1/01 
ro NC 
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Pin Descriptions 


Pin Number 

Symbol 

Type 

Description 

37, 36, 35, 34, 33, 32, 
100,99,82,81,44,45, 
46,47, 48 

A0-A14 

Input 

(Synchronous) 

Synchronous Address Inputs. 

These address inputs are registered on the rising edges of CLK. All 
address Inputs must meet the setup and hold times for all rising edges 
of CLK when the chip is enabled. 

93, 94, 95, 96 

BW1,BW2, 
BW3, BW4 

Input 

(Synchronous) 

Synchronous Byte Write Enables. 

These inputs are active low and control byte write operations when 
BWE is low. BWl controls 1/01 - 8. BW2 controls I/09 -16. BW3 con¬ 
trols 1/017 - 24. BW4 controls 1/025 - 32. For byte write operations, if 
any of these four inputs are low, all outputs are in high Impedance. 

87 

BWE 

Input 

(Synchronous) 

Synchronous Byte Write Enable. 

This input is active low and controls byte write operations. 

88 

GW 

Input 

(Synchronous) 

Synchronous Global Write. 

This input is active low and controls a 32bit write operation indepen¬ 
dent of the BWE and BWl - BW4 inputs. 

89 

CLK 

Input 

Reference Clock. 

All synchronous input signals are registered on all rising edges of CLK. 
All synchronous signal timings are measured from the rising edges of 
CLK. All synchronous input signals must meet the setup time and hold 
times referenced to the rising edges of CLK. 

83 

ADV 

Input 

(Synchronous) 

Synchronous Burst Advance. 

This signal is active low and controls the internal burst address counter 
after the external address is loaded. When the signal is low, the internal 
burst address is not advanced. If a write operation Initiated by ADSP is 
desired, this signal must be high to write the loaded address at the ris¬ 
ing edge of the first clock after an assertion of ADSP. 

84 

ADSP 

Input 

(Synchronous) 

Synchronous Address Status Processor. 

The signal is active low. This signal controls the burst start by register¬ 
ing the new external address. The write enables (GW, BWE, BWl - 
BW4) are ignored at the assertion of ADSP and a read operation is initi¬ 
ated. A subsequent operation is dependent on the write enables at the 
rising edge of the first clock after an assertion of ADSP. This signal is 
ignored if CE is high. 

85 

ADSC 

Input 

(Synchronous) 

Synchronous Address Status Controller. 

This signal is active low. This signal initiates a burst read or write 
depending on the write enables (GW, BWE, BWl - BW4) by registering 
the new external address. 

98 

CE 

Input 

(Synchronous) 

Synchronous Chip Enable. 

This signal is active low. This signal controls the chip status (enable or 
disable) and the internal use of ADSP. This signal is sampled only when 
a new external address is loaded. 

92 


Input 

(Synchronous) 

Synchronous Chip Enable. 

This signal Is active low. This signal controls the chip status (enable or 
disable). This signal is sampled only when a new external address Is 
loaded. This input can be used for memory address depth expansion. 

97 

CE2 

Input 

(Synchronous) 

Synchronous Chip Enable. 

This signal is active high. This signal controls the chip status (enable or 
disable). This signal is sampled only when a new external address is 
loaded. This input can be used for memory address depth expansion. 

86 

OE 

Input 

(Asynchronous) 

Asynchronous Output Enable. 

This signal is active low and controls all 32bit I/O buffers. This signal 
must be high for the time write data is driven prior to the assertion of 
the byte write enables (GW, BWE, BWl - BW4) following a read opera¬ 
tion. 
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Pin Number 

Symbol 

Type 

Description 

52, 53, 56, 57, 58, 59, 
62, 63, 68, 69, 72, 73, 
74, 75, 78, 79, 2, 3, 6, 

7, 8, 9, 12, 13, 18, 19, 
22, 23, 24, 25, 28, 29 

I/Ol -1/032 

Input /Output 
(Synchronous) 

Synchronous Data Inputs/Outputs. 

Byte1 is 1/01 -1/08, Byte2 is I/09 -1/016, Byte3 is i/07 - 1/024, 
Byte4 is 1/025 - 1/032 

31 

MODE 

Input 

(Asynchronous) 

Mode Select. 

This signal is used to select the burst sequence. If this signal is high or 
not connected, the burst sequence is Interleaved Burst. If this signal is 
low, the burst sequence is Linear Burst. This input is internally pulled 
up. Altering the input state while the device is operating is prohibited. 

64 

ZZ 

Input 

(Asynchronous) 

Snooze. 

This signal is active high and is used to place the device into sleep 
mode, which is a low power standby mode. If this signal is low or not 
connected, the device is in an active state. If this signal is high, the 
device is in a sleep state, and the memory data is retained. The device 
wakes up when a read or write operation is initiated by ADSP or ADSC 
after deasserting this signal. This input must be connected to Vss 
when ZZ mode is not used. 

38 

NU 

Input 

(Asynchronous) 

Not Usable. 

This signal is used only by the manufacturer. This signal must be low or 
not connected. This input is Internally pulled down. 

1, 14, 16, 30, 39,42, 
43,49, 50,51,66, 80 

NC 


No Connection. 

These inputs are not internally connected. Pin numbers 49 and 50 are 
reserved for future device expansion. 

15,41,65,91 

Vdd 

Supply 

Power Supply. 

17,40, 67, 90 

Vss 

Ground 

Ground. 

4, 11,20, 27, 54,61, 
70, 77 

Yddq 

Supply 

Output Buffer Power Supply. 

5, 10,21,26, 55,60, 
71,76 

"^SSQ 

Ground 

Output Buffer Ground. 


C-22 


TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 


PRELIMINARY 




SR01021095 


Static RAM 


TC55V1325FF-8/10/12 


Operation Mode 

(1) Synchronous Input Truth Table 



Note: 1. ZZ input is asynchronous, but is included in this table. 

2. Consumption current does not include output buffer current. 

3. H is log ical High and L is logical Low. X is High or Low.__ _ 

4. WRI TE = L m eans any one or m ore by te write enable inputs (BW1, BW2 , BW3, BW4) and BWE are Low or GW is 
Low. WRITE = H means GW and BWE are High, or GW is High and BWE is Low and all byte write enable inputs are 
High. 

5. (n) and (p) indi cate the cycles affe cted b y the synchr onous control inputs, (n) is the next cycle, (p) Is present cycle. 

6. When_CE = H, AD SP is d isabled (ADSP = X). ADSP = L to avoid redundancy with the previous truth table entry 
when CE = H and ADSP = H. 
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(2) Partial Truth Table for Write Enables (Synchronous Input) 


Operation 

CLK 

GW 

BWE 

BW1 

BW2 

BW3 

BW4 

1/01 -1/08 

1/09 -1/016 

1/017 -1/024 

1/025 -1/032 

Read 

L^H 

H 

H 

X 

X 

X 

X 

Dout (n) 

Dout (n) 

Dout (n) 

Dout (n) 

L->H 

H 

L 

H 

H 

H 

H 

Dout (n) 

Dout (n) 

Dout (n) 

Dout (n) 

Write 

L-^H 

L 

X 

X 

X 

X 

X 

Din (p) 

Din (p) 

Din (p) 

Din (p) 

H 

L 

L 

L 

L 

L 

Din (p) 

Din (p) 

Din (p) 

Din (p) 

H 

L 

L 

H 

H 

H 

Din (p) 

Hi-Z(p) 

Hi-Z(p) 

Hi-Z(p) 

H 

L 

H 

H 

Hi-Z(p) 

Din (p) 

Hi-Z(p) 

Hi-Z(p) 

H 

H 

L 

H 

Hi-Z(p) 

Hi - Z (p) 

Din (p) 

Hi-Z(p) 

H 

H 

H 

L 

Hi -Z(p) 

Hi-Z(p) 

Hi-Z(p) 

Din (p) 

The other 11 combinations of BWl to BW4 are also effective. 

BWl controls 1/01 -1/08. BW2 controls I/09 -1/016. 

BW3 controls 1/017 -1/024. BW4 controls 1/025 -1/032. 


Note: 1. (n) and (p) indicate the cycles affected by the synchronous control inputs, (n) is the next cycle, (p) is present cycle. 


(3) Asynchronous Truth Table 


Operation 

OE 

ZZ 

1/01 -1/032 

Read 

L 

L 

Dout 

H 

L 

Hi-Z 

Write 

X 

L 

Din, Hi - Z 

Deselected 


L 

Hi-Z 

Snooze 


H 

Hi-Z 


(4) Write Pass-through Truth Table 


Previous Cycle 

Present Cycle 

Next Cycle 

Operation 

Addr. 

WRITE 

I/O 

Operation 

Addr. 

WRITE 

CE 

CE2 

CE2 

AOSP 

ADSC 

ADV 

OE 

I/O 

I/O 

Write Cycle 

Ak 

L 

Dn 

(Ak) 

ADSP Ini¬ 
tiated 
Read 
Cycle 

Am 

X 

L 

L 

H 

L 

X 

X 

L 

Qn 

(Ak) 

Q1 (Am) 

ADSC Ini¬ 
tiated 
Read 
Cycle 

Am 

H 

L 

L 

H 

H 

L 

X 

L 

Continue 

Read 

Cycle 

X 

H 

X 

X 

X 

H 

H 

L 

L 

Qn + 1 (Ak) 

X 

H 

H 

X 

X 

L 

H 

L 

L 


Note: 1. Dn (Ak) represents input data for the n-th burst address starting from address Ak. 

2. Qn (Ak) represents output data from the n-th burst address starting from address Ak. 

3. n = 1,2 ,3, or 4. __ _ 

4. WRI TE = L m eans any one or m ore by te write enable inputs (BW1, BW2 , BW3, BW4) and BWE are Low or GW is 
Low. WRITE = H means GW and BWE are High, or GW is High and BWE is Low and all byte write enable inputs are 
High. 
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(5) Interleaved Burst Sequence (MODE input = NO or Vqd) 

Bit Order! A -14 . A3 A2 A-| Aq 

Lower 2 bits are internally generated from the external address. 


1st Address (External) 

2nd Address (Internal) 

3rd Address (Internal) 

4th Address (Internal) 

XX .xxOO 

XX .xxOl 

XX .xxlO 

XX .xxll 

XX .xxOl 

XX .xxOO 

XX.xxll 

XX .xxlO 

XX .xxlO 

XX.xxll 

XX .xxOO 

XX .xxOl 

XX.XX 11 

XX .xxlO 

XX.xxOl 

XX .xxOO 


The burst address wraps around to its initial state. 
( 6 ) Linear Burst Sequence (MODE input = Vss) 


Bit Order! A '14 A -13 .A 3 A 2 A-j Aq 

Lower 2 bits are internally generated from the external address. 


1st Address (External) 

2nd Address (Internal) 

3rd Address (Internal) 

4th Address (Internal) 

XX .xxOO 

XX .xxOl 

XX .xxlO 

XX.xxll 

XX .xxOl 

XX .xxlO 

XX. xxll 

XX .xxOO 

XX .xxlO 

XX.xxll 

XX .xxOO 

XX .xxOl 

XX.xxll 

XX .xxOO 

XX .xxOl 

XX .xxlO 


The burst address wraps around to its initial state. 


Maximum Ratings 


SYMBOL 

ITEM 

RATING 

UNIT 

^DD 

Power Supply Voltage 

-0.5 ~ 4.6 

V 

Yddq 

Output Buffer Power Supply Voltage 

-0.5~Vdd 

V 

ViN 

Input Terminal Voltage 

-0.5* ~ 4.6 

V 

Vl/0 

Input/Output Terminal Voltage 

-0.5*-Vddq+ 0.5** 

V 

Pd 

Power Dissipation 

1.2 

w 

Tsolder 

Soldering Temperature (10s) 

260 

°c 

Tstrg 

Storage Temperature 

-65 - 150 

°c 

Tqpr 

Operating Temperature 

0 

i 

00 



-1.5V with a pulse width of 20% • tKc niin (4ns max) 

Vddq + 1 -SV with a pulse width of 20% • t^Q min (4ns max) 
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DC Recommended Operating Conditions (Ta = 0 ~ 70°C) 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

Vdd 

Power Supply Voltage 

3.1 

3.3 

3.6 

V 

^DDQ 

Output Buffer Power Supply Voltage 

3.1 

3.3 

3.6 

V 

ViH 

Input High Voltage 

2.0 

- 

Vdd+ 0.3** 

V 

ViHl 

Input High Voltage for MODE pin 

Vdd-0.3 

Vd 

D 

Vdd+ 0.3 

V 

ViL 

Input Low Voltage 

-0.3* 

- 

0.8 

V 

ViLl 

Input Low Voltage for MODE and NU pins 

-0.5 

0.0 

0.3 

V 


* : -1 .OV with a pulse width of 20% • t^c (4ns max) 

** : Vdd + 1 .OV with a pulse width of 20% • tj<c min (4ns max) 

Note: NU pin must be low or not connected. 
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DC and Operating Characteristics (Ta = 0 ~ 70°C, V^d = = 3.1V ~ 3.6V) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

Ili 

Input Leakage Current 
(Except MODE, ZZ, NU pins) 

ViN = 0 ~ ^DD 

- 

- 

±1 

pA 

•lo 

Output Leakage Current 

Device Deselected or Output Dese¬ 
lected, 

Yqut = 0 ~ Vdd 

- 

- 

±1 

HA 

ii 

Input Current 

MODE pin 

^IN = ^DD ~ ^00 ~ 0.3V 

-1 

- 

1 

pA 

VjN = 0 ~ 0.3V 

-100 

- 

1 

ZZ pin 

Vin = Vdd~2.0V 

-1 

- 

100 

ViN = 0 - 0.8V 

-1 


20 

ViN = 0 ~ 0.3V 

-1 

- 

1 

NU pin 

ViN = 0 - 0.3V 

-1 

- 

1 

VOH 

Output High Voltage 

loH = -8mA 

2.4 

- 

- 

V 

*OH = “1 oom^a 

V 00 - 0.2 

- 

- 

VoL 

Output Low Voltage 

loL = 8mA 

- 

- 

0.4 

Iql = ^ 00|xA 

- 

- 

0.2 

•ddoi 

Operating Current 

Device Selected, 

•out = 0 

All inputs = VtuA/jl 

CLK > t^Q min. 

- 

- 

220 

mA 

*DD02 

Operating Current (Idle) 

Device Selected, 

lo,iT = 0mA 

ADSC, ADSP, ADV>Vih 

All inputs = VjhA/il 

CLK > tj^Q min. 

- 

- 

190 

mA 

Iddsi 

Standby Current (CLK running) 

Device Selected, 

All inputs = VjhA/il 

CLK > t^c min. 

- 

- 

35 

mA 

•ddsz 

Standby Current 

Device Selected, 

All inputs = V 00 - 0.2V or 0.2V, 

CLK frequency = OHz 

- 


2 

mA 

boss 

Snooze Current 

ZZ = V 00 - 0.2V, 

All inputs = VjhA/il 

CLK > tpQ min. 

- 


2 

mA 


Capacitance (Ta = 25°C, f = 1.0MHz) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MAX. 

UNIT 

CiN 

Input Capacitance 

ViN = GND 

5 

PF 

Input Capacitance for MODE, ZZ, NU pin 

ViN = GND 

8 

pF 

Gout 

Input/Output Capacitance 

Vto = GND 

7 

pF 


NOTE: This parameter is periodically sampled and is not 100% tested. 
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AC Characteristics (Ta = 0 ~ 70°C, Vdd = Vddq = 3.1V - 3.6V) 


SYMBOL 

PARAMETER 

TC55V1325FF-8 

TC55V1325FF-10 

TC55V1325FF-12 

UNIT 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

^KC 

CLK Cycle Time 

15 

- 

16 

- 

20 

- 


^KH 

CLK High Pulse Width 

5 

- 

5 

- 

6 

- 


tKL 

CLK Low Pulse Width 

5 

- 

5 

- 

6 



^KQV 

Access Time from CLK 

- 

8 

- 

10 

- 

12 


^KQX 

Output Hold Time from CLK 

2 

- 

2 

- 

2 

- 


^KQLZ 

Output Enable Time from CLK 

5 

- 

5 

- 

5 

- 


^KQHZ 

Output Disable Time from CLK 

2 

5 

2 

5 

2 

6 


^GQV 

Access Time from ^ 

- 

6 

- 

6 

- 

7 


tQQLZ 

Output Enable Time from OE 

0 

- 

0 

- 

0 

- 


tQQHZ 

Output Disable Time from ^ 

2 

5 

2 

5 

2 

6 


Us 

Address Input Setup Time from CLK 

2.5 

- 

2.5 

- 

3.0 



Uh 

Address Input Hold Time from CLK 

0.5 

- 

0.5 


0.5 

- 


Udss 

ADSP, ADSC Input Setup Time from CLK 

2.5 

- 

2.5 

- 

3.0 

- 

ns 

Udsh 

ADSP, ADSC Input Hold Time from CLK 

0.5 

- 

0.5 

- 

0.5 

- 


Wh 

ADV Input Setup Time from CLK 

2.5 


2.5 

- 

3.0 

- 


^AAS 

ADV Input Hold Time from CLK 

0.5 

- 

0.5 

- 

0.5 

- 


%S 

BWE, BWT - BW4 Input Setup Time from CLK 

2.5 

- 

2.5 

- 

3.0 



twH 

BWE, BWT - BW4 Input Hold Time from CLK 

0.5 

- 

0.5 

- 

0.5 

- 


Ues 

CE2, CE2 Input Setup Time from CLK 

2.5 

- 

2.5 

- 

3.0 

- 


Ueh 

CE, CE2 Input Hold Time from CLK 

0.5 

- 

0.5 

- 

0.5 



^DS 

Data Setup Time CLK 

2.5 

- 

2.5 


3.0 

- 


Uh 

Data Hold Time CLK 

0.5 

- 

0.5 


0.5 

- 


Us 

ZZ Standby Time 

5 

- 

5 

- 

6 

- 


Ur 

ZZ Recovery Time 

8 

- 

10 

- 

12 

- 


Uhz 

Output Disable Time ZZ 

0 

12 

0 

12 

0 

14 



AC Test Conditions 


Input Pulse Levels 

3.0/0.0V 

Input Pulse Rise and Fall Time 

3ns 

Input Timing Measurement Reference Level 

1.5V 

Output Timing Measurement Reference Level 

1.5V 

Output Load 

Fig. 1 



= 1.5V 

(For tKQLZr tKQHZ* 
tcQLZ. Igqhz) 


Figure 1. 
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Timing Waveforms 

Read Cycle 



Note 

1. Q1(A2) represents output data from 1st burst address starting from address A2. Q2(A2) 

represents output data from 2nd burst address starting from address A2. 

2. ZZ is Low, 
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Write Cycle 



Don't care 
Undefined 


Note 

1. D1(A2) represents input data for 1st burst address starting from address A2. D2(A2) 

represents input data for 2nd burst address starting from address A2. 

2. ZZ is Low. 
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Read/Write Cycle 



Note 

1. When a write operation follows a r ead o perati o n, 0£ must be driven high prior to the 
assertion of the byte write enables (CW, BWE, BW1-BW4) and before input data is 
applied to avoid data bus contention. 

2. ZZ is Low. 
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NOTE: 


. Don’t apply opposite phase data to the I/O pins when they are in the output state. 

Output enable and output disable times are specified as follows with the output load shown in Figure 1. 

(a) tKQLZ, tKQHZ 



1: The input states are defined in the Synchronous Input Truth Table. 

2: If the device was previously deselected, when the device is selected, the output remains in a high impedance state 
in the present clock cycle r^ardless of OE because of the output enable delay register. Valid data appears in the 
second clock cycle when OE is low. 

3: When the device is deselected, the output goes into a high impedance state in the present clock cycle regardless 
of OE. 


(b) tcQLZ, tCQMZ. fcZHZ 
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Outline Drawings Unit in mm 

Plastic LQFP (LQFP100-P-1420) 



0.510.2 


Weight : 0.56g (Typ.) 
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Notes 


1. This technical data may be controlled under U.S. Export Administration Regulations and may be subject to the approval of the U.S. Department of Commerce prior to export. Any export or re-export, directly or indi¬ 
rectly, in contravention of the U.S. Export Administration Reguiations is strictly prohibited. 

2. LIFE SUPPORT POLICY 

Toshiba products described in this document are not authorized for use as critical components in life support systems without the written consent of the appropriate officer of Toshiba America, Inc. Life support sys¬ 
tems are either systems intended for surgical implant in the body or systems which sustain life. 

A critical component in any component of a life support system whose failure to perform may cause a malfunction of the life support system, or may affect its safety or effectiveness. 

3. The information in this document has been carefully checked and is believed to be reliable; however no responsibility can be assumed for inaccuracies that may not have been caught. All information in this data book 
is subject to change without prior notice. Furthermore, Toshiba cannot assume responsibility for the use of any license under the patent rights of Toshiba or any third parties. 
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PRELIMINARY 

4Mbit (4M X 1 BIT) CMOS AUDIO NAND EEPROM 
Description 

The TC58A040 is a single 5 volt 4M bit NAND Electrically Erasable and Programmable Read Only Memory (NAND EEPROM) 
organized as 256 bits x 128 pages x 128 blocks. 

The device has a 256 bit static register which allows program and read data to be transferred between the register and 
the memory cell array in 256 bit increments. The erase operation is implemented in a single block unit (4k bytes). 

The TC58A040 is suitable for digital recording systems such as digital answering machines and personal digital recorders. 


Features 

• Organization 

- Memory cell array 

- Page Buffer 

- Page size 

- Block size 

• Mode 


• Mode control 

• Package 


• Power supply 

• Access time 


:4Mx1 
: 256 bits 
: 256 bits 
: 4k bytes 

: Read, Auto program, 
Auto block erase, 
Status read 
: Serial input/output 
Oommand control 
: TC58A040F 
SOP28-P-450 
(Weight: 0.81 g Typ.) 

: Vcc = 5V±10% 


- Cell array - Register : 25|is 

- Serial Read Cycle : 250ns 
• Operating current 

- Read (500ns cycle): 5mA typ. 

- Write : 15mA typ. 

- Erase : 10mA typ. 

- Standby ; 50|iA 


Pin Names 


DO 

Serial Data Output 

Dl 

Serial Data Input 

SK 

Serial Clock 

CS 

Chip Select 

NC 

No Connection 

^CC^SS 

Power Supply 


Pin Connection (Top View) 


GND 

NC 

NC 

SK 

Dl 

DO 

NC 

NC 

NC 

NC 

NC 

NC 

NC 


C 1 
C 2 


28 


□ NC 

□ nc 


PVcc 

27 PNC 
26 
25 
24 pNC 
23 DNC 
22 DNC 
21 DNC 
20 DNC 
19 DNC 
18 DNC 
17 DNC 
16 DNC 
15 DNC 


1. This technical data may be controlled under U.S. Export Administration Regulations and may be subject to the approval of the U.S. Department of Commerce prior to export. Any export or re-export, directly or 
indirectly, in contravention of the U.S. Export Administration Regulations is strictly prohibited. 

2. LIFE SUPPORT POLICY 

Toshiba products described in this document are not authorized for use as critical components in life support systems without the written consent of the appropriate officer of Toshiba America, Inc. Life sup¬ 
port systems are either systems intended for surgical implant in the body or systems which sustain life. 

A critical component in any component of a life support system whose failure to perform may cause a malfunction of the life support system, or may affect its safety or effectiveness. 

3. The information in this document has been carefully checked and is believed to be reliable; however no responsibility can be assumed for inaccuracies that may not have been caught. All information in this 
data book is subject to change without prior notice. Furthermore, Toshiba cannot assume responsibility for the use of any license under the patent rights of Toshiba or any third parties. 
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Block Diagram 


Vcc Vss 



CS SK 


Maximum Ratings 


SYMBOL 

PARAMETER 

RATING 

UNIT 

< 

o 

o 

Power Supply 

-0.6 ~ 7.0 


VlN 

Input Voltage 

o 

i 

CD 

d 

V 

V|/o 

Input/Output Voltage 

-0.6V - Vcc + 0.5V (< 7V) 


Pd 

Power Dissipation 

0.5 

w 

Tsolder 

Soldering Temperature (10s) 

260 


Tstg 

Storage Temperature 

-55-150 

°c 

Tqpr 

Operating Temperature 

0~70 


Capacitance* (Ta = 25°C, f = 1MHz) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

C|N 

Input Capacitance 

> 

o 

II 

z 

> 

- 

5 

10 

pF 

^OUT 

Output Capacitance 

VouT = 0V 

- 

5 

10 


*This parameter is periodically sampled and is not 100% tested. 
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Valid Blocks 

The number of valid blocks in the range Block 0 ~ Block 126 is: 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

Nvp 1 

Number of Valid Blocks 

117 

TBD 

127 

Block 


(1) The TC58A040 includes unusable blocks. Refer to notification (8) toward the end of this docunnent. 

(2) Block 127 is guaranteed to be good. 


DC Operating Conditions 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

Vcc 

Power Supply 

4.5 

5.0 

5.5 

V 

V|H 

High Level Input Voltage 

2.2 

- 

Vqc + 0.5 

V|L 

Low Level Input Voltage 

-0.3* 

- 

0.8 


* -2V (pulse width < 20ns). 


DC Operating Characteristics (Ta = 0 ~ 70°C, Vcc = 5V±10%) 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN. 

TYP. 

MAX. 

UNIT 

Ili 

Input Leakage Current 

ViN = ov ~ Vqc 

- 

- 

±10 

HA 

•lo 

Output Leakage Current 

Vqut = O-'^v ~ Vqc 

- 

- 

±10 

Iccoi 

Operating Current (Read Cycle) 

tcycle = 250ns 

- 

5 

20 

mA 

ICC02 

Operating Current (Read Cycle) 

^cycle = 1PS 

- 

- 

10 

ICC03 

Operating Current (Program) 

~ 1 


15 

60 

ICC04 

Operating Current (Erase) 

_~_1 

_ 

1 

10 

40 

•ccsi 

Standby Current 

I 
> 

II 
|UJ 

lo 

- 

- 

500 

|iA 

ICCS2 

Standby Current 

CE = Vqc - 0.2V 

- 

- 

50 

VoH 

High Level Output Voltage 

Iqh = - 400|liA 

2.4 

- 

- 

V 

VoL 

Low Level Output Voltage 

Iql = 2.1mA 

- 

- 

0.4 
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AC Electrical Characteristics (Ta = 0 ~ 70°C, Vcc = 5V±10%) 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN. 

MAX. 

UNIT 

tSK 

Serial Clock Cycle Time 


250* 


ns 

tSKH 

SK High Time 


120 

- 

tSKL 

SK Low Time 


120 

- 

tcs 

CS High Time 


250 

- 

tcss 

CS Setup Time 

Relative to SK Rising edge 

100 

- 

bis 

Dl Setup Time 

Relative to SK Rising edge 

50 

- 

bSH1 

CS Hold Time 

bsHi- Relative to DO Rising edge 

0 

- 

bSH2 

CS Hold Time 

tcsH 2 - Relative to SK Falling edge 

20 

- 

biH 

Dl Hold Time 

Relative to SK Rising edge 

20 

- 

bp 

CS to DO in High Z 


- 

100 

bh 

DO Hold Time 

Relative to SK Falling edge 

0 

- 

bo 

Output Delay 

Relative to SK Falling edge 

- 

100 

bADD 

Set Address Time 


- 

200 

^is 

tR 

Page Read Transfer Time 


- 

25 

bKB 

SK to DO (Busy) 

Relative to SK Falling edge 

- 

200 

ns 


*tT (transition time) = 5ns 



Programming and Erasing Characteristics (Ta = 0 - 70°C, Vqq = 5V±10%) 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

tpROG 

Programming time 

- 

300- 1000 

2000 

|IS 

bERASE 

Block erasing time 

- 

7 

100 

ms 

Nw/e 

Number of write/erase cycles 

10^ 

- 

- 

Cycles 

Npp* 

Number of programming cycles on same master page 

- 

- 

50 

Cycles 


* Refer to the partial page write operation. 
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Pin Description 

Serial Data Input: Dl 

The Dl pin is used for transferring in commands and data. Commands and data are latched on the rising edge of SK. 

Serial Data Output: DO 

The DO pin is used for transferring out status and data. Data is available tpQ after the falling edge of SK. DO indicates the 
internal state except during data output. A low level indicates that the device is busy. A high level indicates that the device is ready. 

Chip Select: ^ 

This signal enables the device. V^en this signal is high, the device ignores SK. This signal can be tied to ground when there is 
only one Audio-NAND device. The OS pin may be pulled high to reset the device. 

Serial Clock: SK 

This signal controls serial data input and output. Commands and data are latched on the rising edge of SK. Data is output on 
the falling edge of SK. 

Organization 

The TC58A040F is a 4M bit device organized as 128 blocks of 16 master pages. A master page is further segmented into 8 
pages as shown in the following figure. The write and read operations are executed on a page basis and the erase is executed on 
a block basis. 


Register (256bits) 
□ 










w, 

m 

Wt 


m, 

w, 

w, 

W/f 










256 bytes 


PageO 

Page 1 

Page 2 

Page 3 

Page 4 

Pages 

Page 6 

Page 7 

Pages 

Pages 

PagelO 

Pagell 

Pagel2 

Page13 

Page14 

PagelS 




1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 




1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

Page120 

Pagel2V 

Page122 

Pagel23! 

Pagel24! 

Page125 

Page126 

Pagel27 


Master Page 0 
Master Page 1 


(Page0~7) 
(Pages-15) 


Master Page 15 

(Page 120-127) 


1 page = 
1 master page = 
1 block = 


256 bits 

8 pages = 256 bytes 

16 master pages = 128 pages = 4096 bytes 


A page is the unit of reading and programming. 

A block is the unit of erasure. 

A master page is divided into 8 pages. These 8 pages are controlled by a common word line. 
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Address Assignment 

The address is acquired through the Dl pin using 16 consecutive clock cycles. The first 8 bits are the block address. The last 
8 bits are the page address. 



Decimal 

Binary 

Block address 

0-126 

00000000-01111110 

Set Address 

0-127 

00000000-01111111 


Example: Page 100 in block 50 


block page 

00110010 01100100 debits serial data) 

MSB LSB 


Write Once Biock 

The TC68A040F has 128 blocks (block 0 ~ 127). The final block (block 127) has been set aside as a read only block. Once 
data is written, this block cannot be erased. This block needs a special command for reading and writing. Block 127 may be used 
for storing system configuration information that cannot be lost. 


Block 0 
I 

Block 127 



Final block cannot be erased. 
(Block 127) 


Command Table 

There are 12 commands in the TC58A040. All operations are controlled by these commands, shown in the following table. 


Instruction 

Start Bit 

Opcode 

Reserved 

Hex Command 

Get Status 

1 

0000 

000 

80H 

Set Address 

1 

0001 

000 

88H 

Increment 

1 

0010 

000 

90H 

Read 

1 

0011 

000 

98H 

Write 

1 

0100 

000 

AOH 

Erase 

1 

0101 

000 

A8H 

Data Shift In 

1 

0110 

000 

BOH 

Data Shift Out 

1 

0111 

000 

B8H 

Write Enable 

1 

1100 

000 

EOH 

Write Disable 

1 

1101 

000 

E8H 

Write Last Block 

1 

1110 

000 

FOH 

Read Last Block 

1 

1010 

000 

DOH 
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Commands 

Set Address 

The set address command defines which block and page of the memory is affected by an operation. The set address com¬ 
mand is followed by two bytes, the first indicating the block number and the second indicating the page number. The set address 
command is usually followed by a read or a data shift in command. Between the page address byte and the next command there 
isadelayoftsADD- 

The address that is selected remains the active address until a new set address or increment command is given. 


Set address Block address Page address Read, Data Shift In 



tSADD 


Example: If the 88H command is input, the MSB must be input first. 



MSB LSB 


Increment 

The increment command automatically increments the page address. When the last page in a block is selected, if the incre¬ 
ment command is input, the address is set to OOH (Page 0) in the next block. However, if the last page in the last block (Block 126) 
is selected, the increment command will set the address to OOH (Page 0) in the same block (Block 126). 

Read 

The read command transfers data from the selected page of the memory array into the on-chip buffer (256 bit shift register). 
The read command is usually followed by a data shift out command. There is a delay of tp between the read command and the 
data shift out command as the data is transferred from the memory array to the on chip buffer. 

Write 

The write command programs data from the on-chip buffer into the selected page of the memory array. A security code (55H) 
follows the write command to ensure against accidental writes. Get status may be used to ensure that the operation was suc¬ 
cessful. The write command will be ignored if write disable has been set. 

Erase 

The erase command erases a selected block. The erase command is followed by the block address. A security code (55H) 
follows the block address to ensure against accidental erase. The get status command may be used to verify that the operation 
was successful. The erase command will be ignored if write disable has been set. 


Erase Block address Security code 
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Get Status 

The get status command is used to output the status of the TC58A040. The eight status bits are defined as follows. 


Bit 

Status 

Output 

0 (LSB) 

Ready/Busy 

Ready “1” Busy“0” 

1 

Pass/Fail 

Pass“T’ Fair‘0” 

2 

Write enable/Write disable 

Write enable: “1 ” Write disable: “0” 

3 

Not used 

Unknown “T’or“0” 

4 

Not used 

Unknown “1” or “0” 

5 

Not used 

Unknown “1” or “0” 

6 

Not used 

Unknown “1” or “0” 

7 (MSB) 

Not used 

Unknown “1”or“0” 


The status is output LSB first. 

Data Shift In 

The data shift in command is used to shift data into the on chip buffer. The number of bits sent into the buffer is determined by 
an 8-bit argument following the command. The data shift in command is usually used prior to the write command. 


Number of bits 

Data shift in to shift in Bit! Bitn 

(T?)-(x^)-O.O 

ri) (*2) 


The value of (*1) is 1 less than the actual number of bits to be shifted in f2). 
Example: 


Number of bits (*2) 

n = 256 

n= 128 

n = 1 

Number of bits argument (*1) 

FFH = 11111111 

7FH = 01111111 

OOH = 00000000 


Data Shift Out 

The data shift out command is used to shift data out of the on chip buffer. The number of bits sent out of the buffer is deter¬ 
mined by an 8-bit argument following the command. The data shift out command is usually used after the read command. 


Number of bits 
Data shift out to shift out(*i^ 



DO 


The value of (*1) is 1 less than the actual number of bits to be shifted out (*2). 
Example: 


Biti Bitn(*2) 

O.o— 


Number of bits (*2) 

n = 256 

n = 128 

n = 1 

Number of bits argument (*1) 

FFH = 11111111 

7FH = 01111111 

OOH = 00000000 


Write Disable 

The write disable command is used to prevent inadvertent writes or erases. Once this command is executed, all subsequent 
write or erase commands will not be accepted. The status read operation (get status command) can be used to determine 
whether the device is in the write enable or disable state. 
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Write Enable 

The write enable connmand is used to cancel the write disable mode. 

Read Last Block 

The read last block command is used to read the contents in the final block (Block 127). The set address command and 2 
address bytes are required to set the page address. The block address is automatically set to 127, so the first address byte is 
ignored. 

Write Last Block 

The write last block command is used to program into the selected page in the final block (Block 127). Once data is written 
into the last block, it cannot be erased. A security code (55H) follows the write last block command to ensure against accidental 
writes. 
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Device Operation 

Input/Output Operation 

The TC58A040 has separate input and output pins. Address, comnnand and input data are input as serial data through Dl. 
Status data and output data are output as serial data through DO. Input and output operations are as follows. 

(1) Address input 


Block address 

00000000 


MSB 


LSB 


8 bit 



Direction of input (MSB first) 


(2) Command input 

....-^OOOOOOOO 


Start' 
bit MSB 


(3) Data input 


LSB 


Start' 
bit 


OO 

0 1 2 . 254 255 


OP Code 


256 bits data 


Direction of input 


Direction of input 


(4) Data output 


(5) Status data output 


ooooooo 

255 254 . 2 1 0 


Direction of output (Bit 0 first) 


OOOOOOOO 

■ ■ u 


R/B 

Pass / Fail 

Write Enable/Disable 


Direction of output 
(R/B first) 
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Register Operation 

The TC58A040 has a 256 bit shift register on the chip. This register is used to transfer data to and from the memory cell array. 
The register operation is as follows: 


Input 


8 bit data input (new data shifts out oldest data) 


Initial register state 

0 

0 

0 

I . 

1 254 I 255 I 


State after inputting 8 bits | 8 | 9 [lO 

1.1254 [255 |(d1<2)|o|01(S)|®|(2)|<B)| — (D0O(3)© ©<2)<S) 


Output : 8 bit data output (register acts as a circular buffer) 

Initial register state 


Serial Input data 


State after outputting 8 bits 


0 


2 I 3 I. 1 248 1 249 [250 1 251 | 

252 1 253 

254 255 






rlsl 

9 

10| 1l| .|254 |255 1 0 1 1 

2 1 3 1 4 

5| 6| 7 

h 




_Zxl_ 


Data is output again after 256 bits. 


Read Operation 

The read operation transfers data to the register from the memory cell array and outputs data synchronized to SK. This oper¬ 
ation is shown in Figure 1. 


Set Block Page Data Number of bits 

address address address Read shift out to shift out 



The read operation is executed page by page. When reading from two or more consecutive pages, two methods are possible: 

Read Mode (1) 

The set address command is input for every page read cycle. 


Set Block Page Data Number of bits 

address address address Read shift out to shift out 
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Read Mode (2) 

The increment command is used instead of applying the set address command. 



*tSAOO *tR 

* DO becomes low and is held at low level during the busy state. 

The device state (busy or ready) can be output by executing the status read operation. 


Status Read 

This operation outputs the devices’s internal state by using the get status command. 


Get Status Get Status Data shift out 

Command Command command 



8 clocks are necessary. 


Write Operation 

The write operation inputs data into the on-chip data register, and transfers the data from the register into the selected page 
in the memory array. This operation is shown in figure 2. 



Figure 2. Write operation diagram 
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* Number of bits to shift in: 256 (#FFh) should be input. 

If the number of bits to shift in is less than 256 (#FFh), previous data will be written into the memory array. 


Previous data New input data 



0 255 



previous data is written. 


The write operation is executed page by page. When writing two or more consecutive pages, two methods are possible: 

Write Mode (1) 

The set address command is input for every page write operation. 


Set Block Page Data Number of bits Security 

address address address shift in to shift in Write code 



tSADD tpROG 


Write Mode (2) 

The increment command is used instead of applying the set address command. 


Dl 

DO 


Set Block Page Data Number of bits 

address address address shift in to shift in 



Address set to page X + 1 


Security 

Write code 


Increment 


Bit 1 Bitn 



tsADO fpROG 
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Partial Page Write Operation 

The TC58A040 allows a master page to be divided into a maximum of 50 segments with each page segment written individ¬ 
ually as follows: 



Npp = nl + n2 + n3 + n4 + n5 + n6 + n7 + n8 =50 

* n1-n8 : Number of partial programs in a page 

* Npp : Number of partial programs in a master page 

The input data for unprogrammed or previously programmed page segments must be “1”. 
Example: 



Data Pattern 

Tl 




256 bits 


Page Register 


Erase Operation 

The erase operation is executed block by block. The erase operation sequence is shown below. 


Block Security 

Erase address code 



tsERASE 


Read and Write Operation for the Final Block (Write Once Block) 

The final block (Block 127) has been set aside as a read only block. The final block needs special commands for the read and 
write operations. 

Read Last Block 

The block address is ignored. 


Set Block Page Data Number of bits 

address address address Read Shift out to Shift out 
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Write Last Block 

The block address is ignored. 


Set Block Page Data Number of bits Security 

address address address Shift in to Shift in Write code 
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* Note 2 ; Refer to notification (7). 

Note ; The above 2 timing diagrams are contiguous. 
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Status Read 






/Write disable 

Note 6 ; Refer to notification (9). 


Note : The above 2 timing diagrams are contiguous. 
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\_y v_y \_y \_/ v_y 


Block address 


-] Note 10 


tois 

r 

1 

1 

i 

1 

1 

1 

1 

1 

1 

1 

tsERASE 


tSKB 

1 

1 

BUSY 

1 

tDH -> 

c- 


* Note 10: Refer to notification (7). 

Note : The above 4 timing diagrams are contiguous. 
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Notifications 

(1) Prohibition of unspecified commands 

The 12 operation commands are listed in the command table. Commands other than these specified commands are 
prohibited. Stored data may be corrupted if an unspecified command is entered during the command cycle. 

(2) interruption by CS going high 

During the period when the TC58A040 is reading a page from the array (tp), writing a page to the array (tpRoo)' 
ing a block (tpERASE)- operation will complete regardless of the state of CS. The CS pin may go high during these 
operations. The DO pin will reflect the state of the operation by staying low while the operation is being executed. When 
the operation is completed, DO will go high to reflect the ready state. 

(3) Device reset _ 

The TC58A040 is reset whenever CS changes from low to high. The command register will be cleared at this point. The 
data regis_t^ will continue to hold whatever data is in the register. To clear the data register, 32 bytes of “OOH” data must 
be input. CS does not affect operations as described in notification (2) above. 

(4) Write disable at power-up 

On power-up, the TC58A040 is set in the write disabled mode. This prevents any spurious writes to the device. To 
enable write operations, the Write Enable (EOH) command must be given. 

(5) Prohibition of extra clocks 

If an unexpected clock is induced on the SK terminal by noise, the device may malfunction. Also, the device has no reset 
command. Therefore, noise must be controlled. 

(6) Prohibition of data output and data input in the same cycle 

Input and output operations in one cycle is prohibited. The following shows an example. 


(a) 

Data output 


(b) 


(c) 

Data input 


Data must not be input. 

Data must be input in the next cycle. 


(7) Notification during busy 

When the device is in a busy state (when the TC58A040 reads a page from the array (tp), writes a page to the array 
(tpRoo)- erases a block (tgERASE)- or decodes an address (tsADo)’ the DO pin outputs a low level (busy status). During this 
period, operations, except for status read, are prohibited. If SK is clocked during this period, except for the status read 
operation, the Dl pin must be kept low. If SK is held at a high or low level, the Dl pin is don’t care. 
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(8) Identification of Bad Blocks 

The TC58A040 may contain unusable blocks. Bad blocks must be identified by user software during initial operation. 
The figure below describes how to identify bad blocks. 



Figure 3 

(9) Notification of when an operation finishes _ 

When the data shift out, data shift in, or status read operation finishes, the CS pin must go to a high level or SK must stay 
low for at least 250ns. This must occur before inputting subsequent commands such as increment, write enable, or write 
disable. 



20n5 min. 
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(10) Error in program or erase operation (Fail at status read) 

The device may fail during a program or erase operation due to exceeding write/erase cycle limits, for example. The fol¬ 
lowing system architecture will enable high system reliability if a failure occurs; 

Program 



Block A 


Block B 


When an error happens in Block A, try to 
reprogram the data into another block (Block B) by 
loading from an external buffer. Then, prevent 
further system accesses to Block A ( by creating 
a *bad block’ table or other appropriate scheme.) 


Erase 

When the error occurs after an erase operation, prevent future accesses to this bad block (again by creating a table within the 
system or other appropriate scheme.) 
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System Concepts 

The TC58A040 is a 4M bit NAND EEPROM designed to provide the most cost effective solution for digital audio recording 
applications. For digital audio storage, the TC58A040 has been matched with DTAD CODEC LSI TC88411F. Applications that 
can benefit from this combination include digital answering machines and personal digital recorders. Customers can quickly bring 
to market systems capable of recording up to 15 minutes of audio on a single 4M bit device. Multiple TC58A040 can be used to 
extend the recording time. 


PAO 

_^--^1- 



PA 1 

- ► 

cs 

PA 2 

- ► 

SK 

PA 3 

- ► 

Dl 

PA 4 

◄- 

DO 

TCSSAIIF 


TC58A040F 

DTAD CODEC LSI 




Data Transfer Rate 

The data transfer rate of the TC58A040 is as follows. 



Data Transfer Rate 

Total Time 

Page 

Block 

Page 

Block 

Read 

0.85M bits/s 

2.60M bits/s 

301^18 

12.6m8 

Write (tpROG^ 400ns) 

377.6k bits/s 

538.3k bits/s 

678^8 

60.9|X8 

Erase Oerase: 7.0ms) 

- 

- 

- 

7.0m8 
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Device Physics 

Program Operation 

Figure 4 shows the NAND memory cell level details of the programming mechanism. The program operation is used to write 
“0” data into an erased memory cell (“1 ” data cell) using a tunneling mechanism. An example program operation to program “0” 
data in TR1 and “1 ” data in TR2 is as follows: 

(1) A high level is applied to select line 1 and a low level is applied to select line 2 so that the device is connected to the bit 
line and disconnected from the ground line. 

(2) Vpp (~20\/) is applied to the selected word line and an inhibit voltage of VPI («1 OV) is applied to the unselected word lines. 

(3) The bit line tied to cell transistor TR1 is biased to OV and the bit line tied to TR2 is biased to the inhibit voltage of VDP1 
(-lOV). 

(4) Vpp is applied between the control gate and the channel in TR1, as shown in Figure 4, which causes electrons to be 
injected from the channel to the floating gate by tunneling. 

(5) The injected electrons are captured in the floating gate (surrounded by an oxide layer) and will remain, even after power is 
cut off, until they are removed by an erase operation. 

(6) Although 20 volts is applied to the control gate of TR2, the voltage difference between the control gate and the channel 
is only 10V because the voltage of the channel is 10V. Therefore, tunneling does not take place, (i.e. electrons are not 
injected into the floating gate.) 

(7) Tunneling does not take place in the unselected pages because of the 10V (VPI) being applied to the unselected word 
lines which again makes the voltage difference between control gate and channel only 10 volts. Thus, the floating gate of 
the “0” cell is charged to “Minus” and that of the “1 ” cel! is charged to “Plus”. 



(Word 

linel) 

(Word 

Iine2) 

(Word 

lines) 

(Word 

Iine4) 

(Word 

lines) 

(Word 

lineG) 

(Word 

line?) 

(Word 

lines) 


(Word line 16) 


TR1 


Vpp ( = 20V) 

T 



OV 


i 


e000 


^VDPI; 


I— -O VDP1(=: 10V) 


T 


Figure 4. TC58A040 Program Device Physics 
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Erase Operation 

Figure 5 shows the NAND memory cell level details of the erase mechanism. The erase operation is used to turn the “0” (pro¬ 
grammed) cells back to “1 ” in a block. The captured electrons are pulled out from the floating gate to the substrate by tunneling. 
Zero volts is applied to the control gate and Vpp (~20V) is applied to the substrate so that a 20 volt potential is created and the 
electrons in the floating gate are pulled out through tunneling. 


open open 



OV 




Figure 5. TC58A040 Erase Device Physics 


Read Operation 

The state of the memory cell is either “0” (minus charge on the floating gate) or “1 ” (plus charge on the floating gate) after pro¬ 
gramming. Each state is indicated by a “threshold voltage (Vth)” which is a characterization parameter of the MOS transistor as 
shown in Figure 6. The threshold voltage of a transistor with data “0” distributes in the “plus” region while data “1 ” distributes in the 
“minus”. The distribution band depends on transistor fluctuations. 



Figure 6. Vjh Distribution for “0” and “1” data cell 
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Figure 7 shows the memory cell level details of the read operation: 

(1) Select lines 1 and 2 in the block, including the selected page, are biased at a high level so that the 16 NAND memory 
cells are connected to the bit line and ground. 

(2) Zero volts is applied to the control gates of the selected page and a high level voltage is applied to the control gates of 
the unselected pages. 

(3) In Figure 7, transistor TR2 with data “1 ” turns on, transistor TR1 with data “0” turns off, and all other unselected transis¬ 
tors turn on. 

(4) The precharged bit line tied to TR2 is discharged through TR2 as cell current flows to ground while the precharged bit 
line tied to TR1 remains at a high level because current does not flow. The sense amplifiers tied to the bit lines thus sense 
the voltage levels as “1 ” and “0” respectively. 



Figure 7. TC58A040 Read Device Physics 
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16Mbit (2M X 8 BIT) CMOS NAND EEPROM 

Description 

The TC5816 is a 5 volt 16M bit NAND Electrically Erasable and Programmable Read Only Memory (NAND EEPROM) with a 
spare 64k x 8 bits. This device is organized as 264 bytes x 16 pages x 512 blocks. The device has a 264 byte static register 
which allows program and read data to be transferred between the register and the memory cell array in 264 byte incre¬ 
ments. The erase operation is implemented in a single block unit (4k bytes + 128 bytes: 264 bytes x 16 pages). 

The TC5816 is a serial type of memory device which utilizes the I/O pins for both address and data input/output as well 
as command inputs. The erase and program operations are automatically executed making the device most suitable for 
applications such as Solid State File korage, Voice Recording, Image File Memory for still cameras, and other systems which 
require high density, non-volatile memory data storage. 

Features 

• Organization 

- Memory cell array ; 264 x 8K x 8 

- Register : 264 x 8 

- Page size : 264 bytes 

- Block size : (4k + 128) bytes 

® Modes ; Read, Reset, Auto page 

program. Auto block 
erase. Suspend/ 

Resume, Status read 

• Mode control : Serial input/output 

Command control 

• Package 400mil TSOP Type II 

- TC5816AFT : TSOP44-P-400B 

• Power supply : Vcc = 5V±10% 

• Access time 

- Cell array - Register : 25|is max. 

- Serial access : 80ns min. 

• Operating current 

- Read (80ns cycle) : ISmAtyp. 

- Program (ave.) ; 40mA typ. 

- Erase (ave.) : 20mA typ. 

- Standby : 100|iA 

• Operating temperature : 0 ~ 70°C 


Pin Names 


I/O 1-8 

I/O Port 

CE 

Chip Enable 

WE 

Write Enable 

RE 

Read Enable 

CLE 

Command Latch Enable 

ALE 

Address Latch Enable 

Wp 

Write Protect 

R/B 

Ready/Busy 

GND 

Ground Input 

Vcc^Vss 

Power Supply/Ground (5V/GND) 


Pin Connection (Top View) 

TC5816AFT 


VssL 
CLE C 
ALE C 
WE C 

vyp 0 

1 

2 

3 

4 

5 . ... 

44 

43 

42 

41 

.4Q. 

□ Vcc 

□ CE 

□ re 

□ R/B 
O.QNP. 

N.C C 

6 

39 

□ N.C. 

N.C C 

7 

38 

□ N.C 

N.C. C 

8 

37 

□ n.c 

N.C C 

9 

36 

□ N.C. 

N.C. C 

10 

35 

□ N.C. 


11 

34 



12 

33 


N.C. C 

13 

32 

□ N.C. 

N.C. C 

14 

31 

□ N.C. 

N.C C 

15 

30 

□ N.C 

N.C. C 

16 

29 

□ N.C 

...N..C,..II 

.1.7.. 

.28. 

□..NiC.. 

1/bi C 

18 

27 

□ 1/08- 

1/02 C 

19 

26 

□ 1/07 

1/03 C 

20 

25 

□ l/06- 

1/04 C 

21 

24 

□ 1/05 

VssD 

22 

23 

□ Vcc 
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Block Diagram 

Vcc Vss 



Maximum Ratings 


SYMBOL 

ITEM 

RATING 

UNIT 

Q 

Q 

> 

Power Supply Voltage 

o 

i 

CD 

CD 


V|N 

Input Voltage 

O 

1 

CD 

CD 

V 

Vl/O 

Input/Output Voltage 

-0.6V ~ Vcc + 0-5V (< 7V) 


Pd 

Power Dissipation 

0.5 

w 

Tsolder 

Soldering Temperature (10s) 

260 


Tstg 

Storage Temperature 

-55-150 

°c 

Tqpr 

Operating Temperature 

0~70 


Capacitance* (Ta = 25°C, f = 1 MHz) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

C|N 

Input Capacitance 

> 

o 

II 

z 

> 


5 

10 

pp 

Cqut 

Output Capacitance 

VoUT = OV 

- 

5 

10 


*This parameter is periodically sampled and is not 100% tested. 
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Valid Blocks (1) 


SYMBOL 

PARAMETER 

TC5816FT 

UNIT 

MIN. 

TYP. 

MAX. 

Nvb 

Valid block number 

502 

508 

512 

Blocks 


(1) The TC5816AFT includes unusable blocks. Refer to notification (17) toward the end of this document. 


DC Recommended Operating Conditions 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

Vdd 

Power Supply 

4.5 

5.0 

5.5 

V 

V|H 

Input High Voltage 

2.2 

- 

Vqc+ 0.5 

V|L 

Input Low Voltage 

-0.3* 

- 

0.8 


* -2V (pulse width < 20ns) 


DC Characteristics (Ta = 0 ~ 70°C, Vqc = 5V±10%) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

Ili 

Input Leakage Current 

ViN = OV ~ Vpp 

- 

- 

±10 

hA 

•lo 

Output Leakage Current 

Vqut = 0.4V ~ VpD 

- 

- 

±10 

booi 

Operating Current (Serial Read) 

-j 

> 

II 

ILU 

to 

bycle ~ 80ns 

- 

15 

30 


IdD02 

Operating Current (Serial Read) 

buT = 

bycle = 1 f4S 

- 

- 

5 


■dD03 

Operating Current (Command Input) 

bycle “ 80ns 

- 

15 

30 


'dD04 

Operating Current (Data Input) 

Vie = OOns 

- 

50 

70 


boos 

Operating Current (Address Input) 

^cycle ~ 80ns 

- 

15 

30 

mA 

booe 

Operating Current (Register Read) 

Vie = sons 

- 

15 

30 


boo? 

Program Current 

- 

- 

40 

60 


boos 

Erasing Current 

- 

- 

20 

40 


bosi 

Standby Current 

X 

> 

II 

|UJ 

to 

- 

- 

1 


bDS2 

Standby Current 

CE = Vcc - 0.2V 

- 

- 

100 

hA 

Vqh 

High Level Output Voltage 

Iqh = -400pA 

2.4 

- 

- 

y 

Vql 

Low Level Output Voltage 

Iql = 2.1mA 

- 

- 

0.4 


Iol(R/b) 

Output Current of (R/B) pin 

Vql = 0.4V 

- 

10 

- 

mA 
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AC Characteristics (Ta = 0 ~ 70®C, Vqq = 5V±10%) (1) 


SYIVIBOL 

PARAMETER 

MIN. 

MAX. 

UNIT 

NOTES 

tcLS 

CLE Setup Time 

20 

- 

ns 


tCLH 

CLE Hold Time 

40 

- 

ns 


tcs 

CE Setup Time 

20 

- 

ns 


^CH 

CE Hold Time 

40 

- 

ns 


twp 

Write Pulse Width 

40 

- 

ns 


Uls 

ALE Setup Time 

20 

- 

ns 


Ulh 

ALE Hold Time 

40 

- 

ns 


hs 

Data Setup Time 

30 

- 

ns 


toH 

Data Hold Time 

20 

- 

ns 


twc 

Write Cycle Time 

80 

- 

ns 

(2) 

twH 

We High Hold Time 

20 

- 

ns 


tww 

WP High to We Falling Edge 

100 

- 

ns 


tRR 

Ready to TO Falling Edge 

20 

- 

ns 


tRC 

Read Cycle Time 

80 

- 

ns 


^REA 

TO Access Time (Serial Data Access) 

- 

45 

ns 


tCEH 

CE High Time at the Last Address in the Serial 
Read Cycle 

250 

- 

ns 

(4) 

tREAlD 

TO Access Time (ID Read) 

- 

90 

ns 


^RHZ 

TO High to Output High Impedance 

5 

20 

ns 


tcHZ 

CE High to Output High Impedance 

- 

30 

ns 


^REH 

TO High Hold Time 

20 

- 

ns 


tlR 

Output High Impedance to TO Rising Edge 

0 

- 

ns 


^RSTO 

TO Access Time (Status Read) 

- 

45 

ns 


^CSTO 

CE Access Time (Status Read) 

- 

55 

ns 


^RHW 

TO High to WE Low 

0 

- 

ns 


Whc 

We High to CE Low (Status Read) 

50 

- 

ns 


^WHR 

We High to TO Low (Status Read) 

50 

- 

ns 


Uri 

ALE Low to TO Low 
(ID Read) 

200 

- 

ns 


tcR 

TO Low to TO Low 
(ID Read) 

200 

- 

ns 


tR 

Memory Cell Array to Starting Address 

- 

25 

|IS 


twB 

We High to Busy 

- 

200 

ns 


^ARZ 

ALE Low to TO low (read cycle) 

150 


ns 


tRB 

TO Last Clock Rising Edge to Busy 
(Sequential Read) 

- 

200 

ns 


^CRY 

TO High to Ready 

(in case of Interception by TO during Read Mode) 

- 

100 + tr(R/B) 

ns 

(3) 

^RST 

Device reset time 

(Read/Program/Erase/after suspend) 

- 

10/20/1500/10 

ps 



AC Test Conditions 


Input Level 

2.4V/0.6V 

Input Timing Comparison Level 

2.2V/0.8V 

Output Data Comparison Level 

2.0V/0.8V 

Output Load 

1 TTLandCL(IOOpF) 
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(1) Transition time (tj) = 5ns. 

(2) In the case that CLE, ALE, CE are input with clock, tyvc exceeds 80ns. 


(ex.) 


set - up time + hold time + twp + txx + 4^ 
20ns 40ns 40ns 20ns 

CLE -y ■ - ■■ . - 



(3) The CE high to Ready time depends on the pull up resistor tied to the R/B pin. (Refer to notification (10) toward the end of 
this document.) 

(4) If CE returns to a high level after accessing the last address (263) in read mode (1) or (2), CE high time must keep equal to 
or greater than 250ns when the delay time of CE against RE is 0 to 200ns as shown below. In the second case, the device 
will not turn to a “Busy” state when the CE delay time is less than 30ns. 



Programming and Erasing Characteristics (Ta = 0 ~ 70°C, Vqq = 5V±10%) 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

NOTES 

tpROG 

Average Programming Time 


300- 1000 

5000 

ps 


N 

Divided Number on Same Page 



10 


(1) 

%ERASE 

Block Erasing Time 

6 

6 

100 

ms 


tSR 

Suspend input to Ready 



1.5 

ms 


Nw/E 

Number of Write/Erase Cycles 

2.5x10® 



cycles 



(1) Refer to notification (15) toward the end of this document. 
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Read Cycle (1) 



Read Cycle (1): Interception by CE 
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Auto Program Operation Timing Chart 



I : V,H or V|L 

* : Do not collide data input with data output 
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Auto Block Erase Timing 



Auto Block Erase 
Setup 
Command 


Erase Execution 
Command 


Status Read 
Command 



V|H or V|L 


* : Do not collide data input with data output 
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Pin Function 

The TC5816AFT is a serial access memory in which address and data information is multiplexed. The device pinout is shown 
in Figure 1. 


Command Latch Enable: CLE 

The CLE input signal is used to control the acquisition of the operation mode 
command into the internal command register. The command is latched into the 
command register from the I/O port at the rising edge of the WE signal while CLE 
is high. 

Address Latch Enable: ALE 

The ALE signal is used to control the acquisition of either address information 
or input data into the internal address/data register. Address information is latched 
at the rising edge of WE if ALE is high. Input data is latched if ALE is low. 

Chip Enable: CE 

The device goes into a low power standby mode during a read operation 
wh£n CE goes high. The CE signal is ignored when the device is in the busy state 
(R/B = L) such as Mng a program or erase operation and will not go into 
standby mode if a CE high signal is input. The CE signal must stay low during 
the read mode busy state. 


Vss 

■ 

1 


44 

CLE 

■ 

2 


43 

ALE 

■ 

3 


42 

WE 

■ 

4 


41 

WP 

■ 

5 


40 




TOP 





VIEW 


I/O 1 

■ 

18 


27 

1/02 

■ 

19 


26 

1/03 

■ 

20 


25 

1/04 

■ 

21 


24 

Vss 

■ 

22 


23 


Wc 

RE 

R/B 

GND 


I/08 

I/07 

I/06 

I/05 

Vcc 


Figure 1. TC5816 Pinout 


Write Enable: WE 

The WE signal is used to control the acquisition of data from the I/O port. 

Read Enable: RE 

The RE signal controls the serial data output. Data is available tp^^ the failing edge of RE. The internal column address 
counter is also incremented (Address + 1) with this falling edge. 

I/O Port: 1/01 ~ 8 

The 1/01 ~ 8 pins are used as the port for transferring address, command and input/output data information to or from the 
device. 


Write Protect: WP 

The WP signal is used to protect the device from inadvertent programming or erasing. The internal voltage regulator is reset 
when WP is low. This signal is usually used for protecting the data during the power on/off sequence when the input signals are 
invalid. 

Ready/Busy: R/B 

The R/B output signal is used to indicate the state of the device. The R/B signal indicates a busy state (R/B = L) during pro¬ 
gram, erase, or read operations and will return to a ready state (R/B = H) after completion. The output buffer of this signal is an 
open drain. 


PRELIMINARY 


TOSHIBA AMERICA ELECTRONIC COMPONENTS. INC. 


D-45 


Koft-Voiatile 



TC5816AFT 


NAND EEPROM 


NV16010196 


Schematic Cell Layout and Address Assignment 

The program operation is implemented in a page unit while the erase operation is carried out in block units. 


8192 

page 


512 block 



p I/O 1 


A page consists of 264 bytes in which 256 bytes are for main 
memory and 8 bytes are for redundancy or other uses. 

1 Page = 264 bytes; 

1 hi k "* = 264 bytes x 16 pages = (4K + 128) bytes 

^ page -> oc device density = 264 bytes x 16 pages x 512 blocks 

= 16.5M bits (2.0625M bytes) 

The address is acquired through the I/O port using three con¬ 
secutive clock cycles as shown in Figure 3. 


81/0 


264 


Figure 2. TC5816 Schematic Cell Layout 



1/01 

1/02 

1/03 

1/04 

1/05 

1/06 

I/07 

1/08 

First cycle 

AO 

A1 

A2 

A3 

A4 

A5 

A6 

AT 

Second cycle 

A8 

A9 

A10 

A11 

A12 ' 

A13 

A14 

A15 

Third cycle 

A16 

A17 

A18 

A19 

A20 

*L 

*L 

*L 


AO ~ A7 : column address 
A8 ~ A20 : page address 
A12 ~ A20; block address 
A8 ~ A11 : NAND address 
in block 


) 


*1/06-8 during the third cycle must be set to low level 


Figure 3. Addressing 


Operation Mode: Logic and Command Tables 

The operation modes such as program, erase, read, erase suspend, and reset are controlled by the ten different command 
operations shown in Table 2. The address, command input, and data input /output are controlled by the CLE, ALE, CE, WE, RE, 
and WP signals as shown in Table 1. 
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Table 1. Logic Table 



CLE 

ALE 

CE 

WE 

RE 

WP 

Command input 

H 

L 

L 


H 

* 

Data input 

L 

L 

L 

“L^ 

H 

* 

Address input 

L 

H 

L 


H 

• 

Serial data output 

L 

L 

L 

H 


* 

During programming (Busy) 

* 

* 

* 

* 

* 

H 

During erasing (Busy) 

* 

* 

* 

* 

* 

H 

Program, Erase inhibit 

* 

* 

* 

* 

* 

L 


H=V|h.L = V|l.* = V|h orV,L 


Table 2. Command Table (HEX data) 



FIRST CYCLE 

SECOND CYCLE 

ACCEPTABLE 
COMMAND 
DURING BUSY 

Serial data input 

80 

- 


Read mode (1) 

00 

- 


Read mode (2) 

50 

- 


Reset 

FF 

- 

V 

Auto program 

10 

- 


Auto block erase 

60 

DO 


Suspend in erasing 

BO 

- 

V 

Resume 

DO 

- 


Status read 

70 

- 

V 

ID read 

90 

- 



Bit assignment of HEX data 
(Example) 


Serial data input : BOH 



h I 0 I 0 I 0 I 0 I 0 I 0 I 0 I 


® 7 6 5 4 3 2 ' 


Once the device is set into the read mode by the “OOH” or “50H” command, additional read commands are not needed for 
sequential page read operations. Table 3 shows the operation mode for reads. 


Table 3. Operation mode for reads 



CLE 

ALE 

CE 

WE 

RE 

I/01 ~ 1/08 

POWER 

Read mode 

L 

L 

L 

H 

L 

Data output 

Active 

Output deselect 

L 

L 

L 

H 

H 

High impedance 

Active 

Standby 

L 

L 

H 

H 

* 

High impedance 

Standby 
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Device Operation 


Read Mode (1) 

Read mode (1) is set by issuing a “OOH” command to the command register. Refer to Figure 4 below for timing details and 
block diagram. 


as _M_ 

« « M 



Start address input 


Selert page__ 






Cell, array 


A data transfer operation from the cell array to 
the register starts at the rising edge of WE in the third 
cycle (after latching the address information). The 
device will be in a busy state during this transfer 
period. The CE signal must stay low after the third 
address input and during the busy state. 

After the transfer period the device returns to a 
ready state. Serial data can be output synchronously 
with the RE clock from the designated starting 
pointer indicated during the address input cycle. 


Figure 4. Read mode (1) operation 


Read Mode (2) 

Read mode (2) has the same timing as read mode (1) but it is used to access information in the extra 8 byte redundancy area 
of the page. The starting pointer is therefore assigned between byte 256 and 263. 


a»_ri_ 






Address AO - A2 are used to set the starting pointer for 
the redundant memory cell while A3 - AT are ignored. Once 
the “50H” command is set, the pointer moves to the redun¬ 
dant cell locations and only those 8 cells can be addressed 
regardless of the A3 - AT address (The “OOH” command is 
necessary to move the pointer back to the 0 - 255, main 
memory cell locations.) 


Figure 5. Read mode (2) operation 
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Sequential Read (1)(2) 

This mode allows sequential reads without additional address input. 



Sequential read (1) Sequential read (2) 


Figure 6. Sequential read 


Sequential read mode (1) outputs data from addresses 0 to 263 while sequential read mode (2) outputs data from the 8-byte 
redundant area only. When the pointer reaches the last address, the device continues to output data from the last address with 
each RE clock signal. 

Status Read 

The TC5816 automatically implements the execution and verification of the program and erase operations. The status read 
function is used to monitor the ready/busy status of the device, determines the pass /fail result of a program or erase operation, 
and determines if the device is in a suspend or protect mode. The device status is output through the I/O port using the RE clock 
after a “70H” command input. The resulting information is outlined in Table 4. 



Table 4. Status output table 



The Pass/Fail status on I/O 1 is only valid when the device is in the ready state. The device will always indicate a pass status 
while in the busy state. 
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An application example with multiple devices is shown in Figure 7. 


CLE 

ALE 

WE 

I/O 1 - 8 
R/I 





Device 1 Device 1 

Figure 7. Status read timing application example 

SYSTEM DESIGN NOTE: If the R/B pin signals of multiple devices are common-wired as shown in the diagram, the status 
read function can be used to determine the status of each individually selected device. 

Auto Page Program 

The TC5816 implements the automatic page program operation after receiving a “1 OH” program command after the address 
and data have been input. The sequence of command, address, and data input is shown below. (Refer to the detail timing chart.) 



automatically. 



The data is transferred (programme^from the register to 
the selected page at the rising edge of WE following the “1 OH” 
command input. The programmed data is transferred back to 
the register after programming to be automatically verified by 
the device. If the program does not succeed, the above pro¬ 
gram/verify operation is repeated by the device until success 
or the maximum loop number set in the device. 


Figure 8. Auto Page Program 
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Auto Block Erase 

The block erase operation starts with the rising edge of WE after the erase execution comnnand “DOH” (which follows the 
erase setup command “60H”). This two cycle process for erase operations acts as an extra layer of protection from accidental 
erasure of data due to possible external noise. The device automatically executes the erase and verify operations. 

Auto Block Erase 



Block erase 


Figure 9. Auto Block Erase Operation 
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Suspend/Resume 

Because a block erase operation can keep the device in a busy state for an extended period of time, the TC5816 has the abil¬ 
ity to suspend the erase operation to allow program or read operations to be performed on the device. The block diagram and 
command sequence for this operation are shown below. (Refer to the detail timing chart) 


Select 



/I 

Resume command 
Input erase operation 


block 

wMmm 

Suspend command input 

-^ 


resume 


- 



i 

- 




suspend the erase operation 






Figure 10. Suspend /Resume Operation 

The (3^ suspend/resume cycle can be repeated up to 20 times during a block erase operation. After the 

resume command input, the erase operation continues from the point at which it left off and does not have to restart. 

Reset 

The reset mode compulsorily stops all operations. For example, in the case of a program or erase operation, the regulated 
voltage is discharged to OV and the device will go into a wait state. The address and data register are set after a reset as follows: 

• Address Register : All “0” 

• Data Register :AH“1” 

• Operation Mode : Wait State 

The response after a “FFH” reset command input is as follows: 

• If the reset (FFH) command is input during programming: Figure 11 



^^_ f 


:◄- 

Register set 

- ► 

tRST ( = 1 0/uS) 


• If the reset (FFH) command is input during erasing: Figure 12 


Internal 

voltage 








Register set 


\ 


i" » 



tRST (« 1 ms) 
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• If the reset (FFH) command is input during the read operation: Figure 13 



^ ! / 


:◄- 

tRST ( ~ 5 yuS) 


• If the reset (FFH) command is input after suspend; Figure 14 


—09- 

—<®- 

-- 

This reset cancels suspend status. 

Internal erase i ' .. 

voltage / 




R/B \ f \ 1 


!◄-►: 

tRST( = 5^) 


® If the status read command (70H) is input after reset: Figure 15 




I/O status : 


Pass / Fail ->Pass 


Ready / BusyReady 


However, the following operation is prohibited. If the following operation is executed, set up for the address and data register 
cannot be guaranteed. 


R/B 



I/O status : Pass / F ail Pass 

-1 Ready/BusyBusy 


® If the reset command is input in succession: Figure 16 



command is invalid if the other 
command than ‘FFH’ is input 
during this period. 
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ID Read 

The TC5816 contains an ID code to identify the device type and the manufacturer. The ID codes are read out using the follow¬ 
ing timing conditions: 



ID read command Address Maker code Device code 

' 00 ' 

Figure 17. ID read timing 


Table 5. Code table 



I/08 

I/07 

I/06 

I/05 

I/04 

I/03 

I/02 

I/01 

HEX data 

Maker code 


0 

0 

1 

1 

0 

0 

0 

98H 

Device code 

I ° 

1 

1 

0 

0 

1 

0 

0 

64H 


Refer to AC characteristics for tpEAio- '^CR- Uri (Reter to the specification). 


D-54 


TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 


PRELIMINARY 




NV16010196 


NAND EEPROM 


TC5816AFT 


Device Physics 

Program Operation 

Figure 18 shows the NAND memory cell and details of the programming mechanism. The program operation is used to write 
“0” data into an erased memory cell ("1 ” data cell) using a tunneling mechanism. An example showing the operations necessary to 
program ‘0’ data in TR1 and "1 ” data in TR2 follows: 

(1) The select lines are activated so that the transistor array is connected to the bit line and disconnected from the ground line. 

(2) Vpp (~20\/) is applied to the selected word line and an inhibit voltage of VPI (~1 OV) is applied to the unselected word lines. 

(3) The bit line tied to cell transistor TR1 is biased to OV and the bit line tied to TR2 is biased to the inhibit voltage of VDPI 
(^lOV). 

(4) Vpp is applied between the control gate and the channel in TR1, as shown in Figure 18, which causes electrons to be 
injected from the channel to the floating gate by a tunneling mechanism. 

(5) The injected electrons are captured in the floating gate (which is surrounded by an oxide layer) and will remain, even after 
power is cut off, until they are removed by an erase operation. 

(6) Although 20 volts is applied to the control gate of TR2, the voltage difference between the control gate and the channel is 
only 10V because the voltage of the channel is 10V. Therefore, tunneling does not take place, (i.e. electrons are not 
injected into the floating gate.) 

(7) Tunneling does not take place in the unselected pages because of the 10V (VPI) being applied to the unselected word lines 
which again makes the voltage difference between control gate and channel only 10 volts. Thus, the floating gate of the “0” 
cell is charged to “minus” and that of the “1 ” cell is charged to “plus”. 



(Word linel) 
(Word Iine2) 
(Word Iine3) 
(Word Iine4) 
(Word lines) 
(Word Iine6) 
(Word line?) 
(Word lines) 

(Word line 16) 


TRl 


Vpp(:=20V) 




_O VDPI(=1 


T 


Figure 18. TC5816 Program Device Physics 
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Erase Operation 

Figure 19 shows the NAND memory cell and details of the erase mechanism. The erase operation is used to turn the “0” (pro¬ 
grammed) cells back to “1 ” in a block. Zero volts is applied to the control gate and Vpp (~20\/) is applied to the substrate so that a 
20 volt potential is created and the electrons in the floating gate are pulled out through tunneling. 


open 


open 


16 word 
(1 block) 



OV 



Figure 19. TC5816 Erase Device Physics 


Read Operation 

The state of the memory cell is either “0” (minus charge on the floating gate) or “1 ” (plus charge on the floating gate) after pro¬ 
gramming. Each state is indicated as the “threshold voltage (Vth)” which is a characterization parameter of the MOS transistor as 
shown in Figure 20. The threshold voltage of a transistor with “0” data falls within the “plus” distribution while the threshold voltage 
of a transistor with “1 ” data falls within the “minus” distribution. The distribution band depends on transistor fluctuations. 



Figure 20. Vth Distribution for “0” and “1” data cell 
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Figure 21 shows the memory cell and details of the read operation: 

(1) Select lines 1 and 2 in the block including the selected page are biased at a high level so that the 16 NAND memory cell 
array is connected to the bit line and ground. 

(2) Zero volts is applied to the control gates of the selected page and a high level voltage is applied to the control gates of the 
unselected pages. 

(3) In Figure 21, transistor TR2 with data “1 ” turns on, transistor TR1 with data “0” turns off, and all other unselected transis¬ 
tors turn on. 

(4) The precharged bit line tied to TR2 is discharged through TR2 as cell current flows to ground while the precharged bit line 
tied to TR1 remains at a high level because current does not flow. The sense amplifiers tied to the bit lines thus sense the 
voltage levels as “1 ” and “0” respectively. 



Figure 21. TC5816 Read Device Physics 
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Application Notes and Comments 

(1) Prohibition of unspecified commands 

The operation commands are listed in Table 1. Data input as a command other than the specified commands in Table 1 is 
prohibited. Stored data may be corrupted if an unspecified command is entered during the command cycle. 


(2) Pointer control for “OOH”, “50H” 

The TC5816AFT has two read modes which set the destination of the pointer to either the main memory area of a page or the 
redundancy area. The pointer can point to any location from 0 to 255 in read mode (1) and from 256 to 263 in read mode (2). Fig¬ 
ure 22 shows the block diagram of their operations. 


OOH 

50H 


255 256 


263 



Figure 22. Pointer control 


The pointer is set to region “A” by the “OOH” command and to region “B” by the “50H” command. 

(Example) 

The “OOH” command needs to be input to set the pointer back to region “A” when the pointer control points to region “B". 



Start point 
A area 



Add 



Start point Add DIN 

B area I 



Start point 
B area 


Add I 


Add I Add | Add DIN 


Start point 
A area 


Start point 
B area 


Start point 
A area 


Start point 
A area 


Figure 23. Example for Pointer Set 

For programming into region B only, first reset the contents of the data register to “1 ”s by inputting the FFH (reset) command. 



Add DIN 

I 


Start point 
B area 
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(3) Acceptable commands after the serial input command “80H” 

Once the serial input command (“80H”) is input, do not input any command other than the program execution command 
(“1 OH”) or the reset command (“FFH”) during programming. 




Figure 24 

If a command other than “1 OH” or “FFH” is input, the program operation is not performed. 



Other command 

Programming can not be executed. 


\ In this case, the reset command (FFH) command is 
> needed. 


(4) Status read during read operation 



Figure 25 

The device status can be read out by inputting the status read command “70H" during the read mode. Once the device is set 
to the status read mode after a “70H” command input, the device does not return to the read mode. 

Therefore, status read during the read operation is prohibited. 

However, when the read command “OOH” is input during [A], the status mode is reset, and the device returns to the read 
mode. In this case, the data output starts from N address without address input. 
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(5) Suspend command “BOH” 

The following issues need to be observed when the device is interrupted by a “BOH” command during block erasing. 



Figure 26 


Although the device status changes from busy to ready after “BOH” is input, the following two cases cannot be distinguished. 
-After a “BOH” command input, Busy->Ready 
-After an erase operation is finished with “DOH”, Busy->Ready 
Therefore, the device status needs to be checked to see whether or not the “BOH” command has been accepted by issuing 
a “70H” command after the device goes to ready. 

The device responds as follows when a “DOH” command (Resume) is input instead of “70H”. 

-“BOH” has been accepted: Erase operation is executed. (The device is busy.) 

-“BOH” has not been accepted. (Erase operation has been completed): “DOH” command cannot be accepted. 

_ (The device is ready.) 

Each case above is confirmed by monitoring the R/B signal. 


(6) Program fail 



Address Data 
M input 




Address Data 
N input 


When the programming result for the page address M is “Fail”, do not try 
to program the page to address N in another block. Because the previ¬ 
ous input data is lost, the same sequence of “80H” command, address 
and data input is necessary. 


Figure 27 
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(7) Data transfer 

The data in page address M cannot be automatically transferred to page address N. If the following sequence is executed, 
the data will be inverted (i.e. “1 ” data will become “0” and “0” will become “1”). 



Address Address ^ 

M N Program 


M 

N 



Inverted 



data will be tranferred. 


Figure 28 


(8) Block erase after suspend command “BOH” 



address Erase execution Suspend 



A block erase command is prohibited when the device has been suspended by inputting “BOH” during a block erase opera¬ 
tion. Only a program or read operation is allowed during this erase suspend interruption. 


(9) Interruption of an erasing block 

After a “BOH” command input, neither a program nor a read operation is allowed for the accessed block which is currently in 
an erase operation. 



Block 

address 

A 



The interruption of block A is prohibited. 
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(10) R/B: Termination for the Ready/Busy pin (R/B) 

A pull-up resistor needs to be used for termination because the R/B buffer consists of an open drain circuit. 


Vcc 



This data may vary by device. We 
recommend that you use this data as a 
reference when selecting a resistor value. 



Figure 29 


(11) Status After Power On 

Although the device is set to read mode after power-up, the following sequence is needed because each input signal may not 
be stable at power on. 

• Operation mode : Read mode (1) 

• Address register : All “0” 

• Data register : Indeterminate 

• High voltage generation circuit : Off state 


Power on sequence 


Power on 


-CE)— 


Reset 


Read mode(l) 


(12) Power On/Off Sequence: 

The WP signal is useful for protecting against data corruption at power on/off. The following timing is recommended: 
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(13) Setup for WP Signal 

The erase and program operations are compulsively reset when WP goes low. The WP signal must be kept at a high level 
before the 80H/60H command input for the program and erase operations. 

If WP goes high after the 80H/60H command input for a program/erase operation, the program and erase operations cannot 
be guaranteed. 



tww(Min. 100ns) 

Figure 31. WP Setup before Programming 



PRELIMINARY 


TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 


D-63 












TC5816AFT 


NAND EEPROM 


NV16010196 


(14) In the case that 4 address cycles are input 

Although the device may acquire the fourth address, it is ignored inside the chip. 

Read operation: 



Internal read operation start when WE 
of the third cycle goes high. 


Program operation; 


Figure 33 



ignored 


Figure 34 
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(15) Divided program in the same page (Partial page program) 

The device allows a page to be divided into 10 segments (typically) with each page segment programmed individually as follows: 


The first programming 


The second programming 



The tenth programming 



Result 



Figure 35 

Note: The input data for unprogrammed or previously programmed page segments must be “1 ” (i.e. Mask all page bytes out¬ 
side the segment to be programmed with “1 ” data.). 


(16) RE Signal During Read 

The internal column address counter is incremented synchronously with the RE clock in the read mode. Therefore, once the 
device is set into the read mode by the “OOH” or “50H” command, the internal column address counter can be incremented by 
the RE clock before or after the address input. Assuming that RE clocks before the address input and the pointer reaches the last 
column address, an internal read operation (array->register) will occur and the device will be in a busy state. (See Figure 36) 


Address input 



Figure 36 

Therefore, RE clocking must occur after the address input. 
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(17) Invalid block (bad block) 

The TC5816 device contains unusable blocks. Therefore, the following issues must be recognized: 



Bad Block 


Bad Block 


Check if the device has any bad blocks after device installation into the 
system. Do not try to access bad blocks. A bad block does not affect the 
performance of good blocks because it is isolated from the bit line by the 
select gate. The number of valid blocks is as follows: 



MIN. 

TYP. 

IVIAX. 

UNIT 

Valid (Good) Block Number 

502 

_1 

508 

512 

Blocks 


Figure 37 shows the bad block test flow. 


(18) Error in program or erase operation (Fail at status read) 

The device may fail during a program or erase operation due to exceeding write/erase cycle limits, for example. The following 
system architecture will enable high system reliability if a failure occurs. 


Program 



Block A 


Block B 


When an error happens in Block A, try to reprogram the data 
into another (Block B) by loading from an external buffer. Then, 
prevent further system accesses to Block A (by creating a “bad 
blocks” table or another appropriate scheme.) 


Erase 

When an error occurs for an erase operation, prevent future accesses to this bad block (again by creating a table within the 
system or other appropriate scheme.) 
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Bad Block Test Flow 


C; Checker board pattern 
C: Checker board pattern 
Blank check: 1 Block read (FFH) 

The blank check operation detects 
“0”s resulting from factory block testing. 

Any new devices having “0”s in a block indicates 
that the block is bad. 



( Test End ) 


Figure 37. Bad Block Test Flow 
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16Mbit (2M X 8 BIT) CMOS NAND EEPROM PRELIMINARY 

Description 

The TC5816 is a 5 volt 16M bit NAND Electrically Erasable and Programma¬ 
ble Read Only Memory (NAND EEPROM) with a spare 64k x 8 bits. This 
device is organized as 264 bytes x 16 pages x 512 blocks. The device has a 
264 byte static register which allows program and read data to be trans¬ 
ferred between the register and the memory cell array in 264 byte incre¬ 
ments. The erase operation is implemented in a single block unit (4k bytes + 

128 bytes: 264 bytes x 16 pages). 

The TC5816 is a serial type of memory device which utilizes the I/O pins 
for both address and data input/output as well as command inputs. The 
erase and program operations are automatically executed making the 
device most suitable for applications such as Solid State File Storage, Voice 

Recording, Image File Memory for still cameras, and other systems which Actual Size 

require high density, non-volatile memory data storage. 


Features 

® Organization 

- Memory cell array : 264 x 8K x 8 

- Register : 264 x 8 

- Page size : 264 bytes 

- Block size : (4k + 128) bytes 

• Modes : Read, Reset, Auto page 

program. Auto block 
erase. Suspend/ 
Resume, Status read 

» Mode control : Serial input/output 

Oommand control 

® Package 

- TC5816ADC : FDC-22 (Weight: 1.8g typ.) 

® Power supply : Vqq = 5V±10% 

® Access time 

- Cell array - Register : 25|is max. 

- Serial access : 80ns min. 

o Operating current 


Pin Assignment 


1, 10, 11 

Vss 

Ground 

2 

CLE 

Command Latch Enable 

3 

ALE 

Address Latch Enable 

4 

We 

Write Enable 

5 

Wp 

Write Protect 

6~9 

1 /O 1-4 

I/O Port 

13-16 

I/O 5 _ 8 

I/O Port 

17 

NC 

No Connection 

18 

GND 

Ground Input 

19 

R/B 

Ready/Busy 

20 


Read Enable 

21 


Chip Enable 

22, 12 

< 

0 

0 

Power Supply (5V) 


Pin Connection (Top View) 
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Block Diagram 


Vcc Vss 



Maximum Ratings 


SYMBOL 

PARAMETER 

RATING 

UNIT 

Vcc 

Power Supply Voltage 

-0.6 ~ 7.0 


VlN 

Input Voltage 

-0.6 ~ 7.0 

V 

V|/o 

Input/Output Voltage 

-0.6V ~ Vcc + 0.5V 7V) 


Pd 

Power Dissipation 

0.5 

w 

Tstg 

Storage Temperature 

-20 ~ 65 

op 

Tqpr 

Operating Temperature 

0~55 

V-/ 

Capacitance* (Ta = 25®C, f = 1MHz) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

MAX. 

UNIT 

C|N 

Input Capacitance 

V|N = 0V 

- 

10 

PF 

Cqut 

Output Capacitance 

Vqut = OV 

- 

10 


*This parameter is periodically sampied and is not 100% tested. 
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Valid Blocks (1) 


SYMBOL 

PARAMETER 

TC5816 

UNIT 

MIN. 

TYP. 

MAX. 

Nvb 

Valid block number 

502 

508 

512 

Blocks 


(1) The TC5816 includes unusable blocks. Refer to notification (17) toward the end of this document. 


DC Recommended Operating Conditions 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

< 

o 

o 

Power Supply 

4.5 

5.0 

5.5 

V 

V|H 

Input High Voltage 

2.4 

- 

Vcc + 0.5 

V|L 

Input Low Voltage 

-0.3* 

- 

0.6 


* -2V (pulse width < 20ns) 

DC Characteristics (Ta = 0 ~ 55°C, V^c = 5V±10%) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

Ili 

Input Leakage Current 

v,N = 0V~Vcc 

- 

- 

±10 

HA 

■lo 

Output Leakage Current 

Vqut = 0-4V ~ Vqq 

- 

- 

±10 

Iccoi 

Operating Current (Serial Read) 

CE = V,l 

Iqlit = 0mA 

tcycle = 80ns 

- 

15 

30 

mA 

■CC02 

Operating Current (Serial Read) 

^cycle = "I PS 

- 

- 

5 

Iccos 

Operating Current (Command Input) 

^cycle “ 80ns 

- 

15 

30 

ICC04 

Operating Current (Data Input) 

^cycle ~ 80ns 

- 

50 

70 

■CC05 

Operating Current (Address Input) 

^cycle “ 80ns 

- 

15 

30 

•CC06 

Operating Current (Register Read) 

tcycle = 80ns 

- 

15 

30 

ICC07 

Program Current 

_ 

- 

40 

60 

■ccos 

Erasing Current 

- 

- 

20 

40 

■ccsi 

Standby Current 

X 

> 

II 

ILU 

b 

- 

- 

1 

ICCS2 

Standby Current 

CE=Vcc-0.2V 

- 

- 

100 

HA 

Vqh 

High Level Output Voltage 

Iqh = “ 400|j.A 

2.4 

- 

- 

V 

VoL 

Low Level Output Voltage 

loL = 2.1mA 

- 

- 

0.4 

Iol(R/B) 

Output Current of (R/B) pin 

VoL = 0.4V 

- 

10 

- 

mA 
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AC Characteristics ija = 0- 55°C, Vcc = 5V±10%) (1) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNIT 

NOTES 

tcLS 

CLE Setup Time 

20 

- 

ns 


tCLH 

CLE Hold Time 

40 

- 

ns 


^CS 

CE Setup Time 

20 

- 

ns 


^CH 

CE Hold Time 

40 

- 

ns 


twp 

Write Pulse Width 

40 

- 

ns 


Ws 

ALE Setup Time 

20 

- 

ns 


Ulh 

ALE Hold Time 

40 

- 

ns 


^DS 

Data Setup Time 

30 

- 

ns 


^DH 

Data Hold Time 

20 

- 

ns 


twc 

Write Cycle Time 

80 

- 

ns 

(2) 

twH 

We High Hold Time 

20 

- 

ns 


tww 

WP High to WE Falling Edge 

100 

- 

ns 


tRR 

Ready to RE Falling Edge 

20 

- 

ns 


tRC 

Read Cycle Time 

80 


ns 


tREA 

^ Access Time (Serial Data Access) 

- 

45 

ns 


tCEH 

CE High Time at the Last Address in the Serial 
Read Cycle 

250 

- 

ns 

(4) 

tREAlD 

^ Access Time (ID Read) 

- 

90 

ns 


tRHZ 

RE High to Output High Impedance 

5 

20 

ns 


tcHZ 

CE High to Output High Impedance 

- 

30 

ns 


tREH 

re High Hold Time 

20 

- 

ns 


t|R 

Output High Impedance to re Rising Edge 

0 

- 

ns 


^RSTO 

re Access Time (Status Read) 

- 

45 

ns 


^CSTO 

re Access Time (Status Read) 

- 

55 

ns 


tRHW 

re High to We Low 

0 

- 

ns 


twHC 

We High to re Low (Status Read) 

50 

- 

ns 


twHR 

We High to re Low (Status Read) 

50 

- 

ns 


Uri 

ALE Low to re Low 
(ID Read) 

200 

- 

ns 


tCR 

re Low to re Low 
(ID Read) 

200 

- 

ns 


^R 

Memory Cell Array to Starting Address 

- 

25 

ps 


twB 

We High to Busy 

- 

200 

ns 


Ur2 

ALE Low to re low (read cycle) 

150 

_ 

ns 


tRB 

re Last Clock Rising Edge to Busy 
(Sequential Read) 

- 

200 

ns 


tCRY 

re High to Ready 

(in case of Interception by CE during Read Mode) 

- 

100 + tr (R/B) 

ns 

(3) 

tRST 

Device reset time 

(Read/Program/Erase/after suspend) 

- 

10/20/1500/10 

ps 



AC Test Conditions 


Input Level 

2.4V/0.6V 

Input Timing Comparison Level 

2.2V/0.8V 

Output Data Comparison Level 

2.0V/0.8V 

Output Load 

1 TTL and Cl(IOOpF) 
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(1) Transition time (tj) = 5ns. 

(2) In the case that CLE, ALE, CE are input with clock, twc exceeds 80ns. 


(ex.) 


set - up time + hold time + twp + tyy + 4tT 
20ns 40ns 40ns 20ns 


CLE 

ALE 

CE 

WE 


zx 



(3) The CE high to Ready time depends on the pull up resistor tied to the R/B pin. (Refer to notification (10) toward the end of 
this document.) 

(4) If CE returns to a high level after accessing the last address (263) in read mode (1) or (2), CE high time must keep equal to 
or greater than 250ns when the delay time of CE against RE is 0 to 200ns as shown below. In the second case, the device 
will not turn to a “Busy” state when the CE delay time is less than 30ns. 



Programming and Erasing Characteristics (Ta = 0 ~ 55°C, Vqq = 5V±10%) 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

NOTES 

tpROG 

Average Programming Time 


300 ~1000 

5000 

ps 


N 

Divided Number on Same Page 



10 


(1) 

Iberase 

Block Erasing Time 

6 

6 

100 

ms 


ISR 

Suspend Input to Ready 



1.5 

ms 


Nw/e 

Number of Write/Erase Cycles 

2.5x10® 



cycles 



(1) Refer to notification (15) toward the end of this document. 
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Address Input Cycle 
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Read Cycle (1) 



Read Cycle (1): Interception by CE 
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CE 


WE 


ALE 


RE 

1 / 01-8 


Address 

Input 


Maker Device Code 

Code 



V|H or V|L 
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Pin Function 

The TC5816 is a serial access memory in which address and data information is multiplexed. The device pinout is shown in 
Figure 1. 


Command Latch Enable: CLE (Fig. 1, Pin 2) 

The CLE input signal is used to control the acquisition of the operation mode 
command into the internal command register. The command is latched into the 
command register from the I/O port at the rising edge of the WE signal while CLE 
is high. 

Address Latch Enable: ALE (Fig. 1, Pin 3) 

The ALE signal is used to control the acquisition of either address information 
or input data into the internal address/data register. Address information is latched 
at the rising edge of WE if ALE is high. Input data is latched if ALE is low. 

Chip Enable: CE (Fig. 1, Pin 21) 

The device goes into ajow power standby mode during a read operation 
when CE goes high. The CE signal is ignored when the device is in the busy state 
(R/B = L) such as (Mng a program or erase operation and will not go into 
standby mode if a CE high signal is input. The CE signal must stay low during 
the read mode busy state. 


TC5816ADC 



Figure 1. TC5816 Pinout 


Write Enable: WE (Fig. 1, Pin 4) 

The WE signal is used to control the acquisition of data from the I/O port. 

Read Enable: RE (Fig. 1, Pin 20) 

The RE signal controls the serial data output. Data is available tp^^ ^he falling edge of RE. The internal column address 
counter is also incremented (Address + 1) with this falling edge. 

I/O Port: 1/01 ~ 8 (Fig. 1, Pin 6 ~ 9,13 ~ 16) 

The I/O 1 ~ 8 pins are used as the port for transferring address, command and input/output data information to or from the 
device. 


Write Protect: WP (Fig. 1, Pin 5) 

The WP signal is used to protect the device from inadvertent programming or erasing. The internal voltage regulator is reset 
when WP is low. This signal is usually used for protecting the data during the power on/off sequence when the input signals are 
invalid. 

Ready/Busy: R/B (Fig. 1, Pin 19) 

The R/B output signal is used to indicate the state of the device. The R/B signal indicates a busy state (R/B = L) during pro¬ 
gram, erase, or read operations and will return to a ready state (R/B = H) after completion. The output buffer of this signal is an 
open drain. 
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Schematic Cell Layout and Address Assignment 

The program operation is implemented in a page unit while the erase operation is oarried out in blook units. 


O I/O 1 


8192 

page 


512 block \ 



1 block 


A page consists of 264 bytes in which 256 bytes are for main 
memory and 8 bytes are for redundancy or other uses. 

1 Page = 264 bytes; 

1 Block = 264 bytes x 16 pages = (4K + 128) bytes 
Total device density = 264 bytes x 16 pages x 512 blocks 
= 16.5M bits (2.0625M bytes) 

The address is acquired through the I/O port using three con¬ 
secutive clock cycles as shown in Figure 3. 


Figure 2. TC5816 Schematic Cell Layout 


AO ~ A7 : column address 
A8 ~ A20 : page address 
A12 ~ A20: block address \ 
A8 ~ All : NAND address / 
in block 


*1/06-8 during the third cycle must be set to low level 



1/01 

1/02 

1/03 

1/04 

1/05 

1/06 

1/07 

1/08 

First cycle 

AO 

A1 

A2 

A3 

A4 

A5 

A6 

A7 

Second cycle 

A8 

A9 

A10 

A11 

A12 

A13 

A14 

A15 

Third cycle 

A16 

A17 

A18 

A19 

A20 

*L 

*L 

*L 


Figure 3. Addressing 


Operation Mode: Logic and Command Tables 

The operation modes such as program, erase, read, erase suspend, and reset are controlled by the ten different command 
operations shown in Table 2. The address, command input, and data input /output are controlled by the CLE, ALE, CE, WE, RE, 
and WP signals as shown in Table 1. 
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Table 1. Logic Table 



CLE 

ALE 

CE 

WE 

RE 

WP 

Command input 

H 

L 

L 


H 

* 

Data input 

L 

L 

L 


H 

* 

Address input 

L 

H 

L 


H 

* 

Serial data output 

L 

L 

L 

H 


* 

During programming (Busy) 

* 

* 

* 

* 

* 

H 

During erasing (Busy) 

* 

* 

* 

* 

* 

H 

Program, Erase inhibit 

* 

* 

* 

* 

* 

L 


H = V,h,L = V,l.* = V,h orV,L 


Table 2. Command Table (HEX data) 



FIRST CYCLE 

SECOND CYCLE 

ACCEPTABLE 
COMMAND 
DURING BUSY 

Serial data input 

80 

- 


Read mode (1) 

00 

- 


Read mode (2) 

50 

- 


Reset 

FF 

- 

V 

Auto program 

10 

- 


Auto block erase 

60 

DO 


Suspend in erasing 

BO 

- 

V 

Resume 

DO 

- 


Status read 

70 

- 


ID read 

90 

- 



Bit assignment of HEX data 
(Example) 


Serial data input : BOH 



I H 0 I 0 I 0 I 0 I 0 I 0 I 0 I 


® 7 6 5 4 3 2 ^ 


Once the device is set into the read mode by the “OOH” or “50H” command, additional read commands are not needed for 
sequential page read operations. Table 3 shows the operation mode for reads. 


Table 3. Operation mode for reads 



CLE 

ALE 

CE 

WE 

RE 

I/01 ~ 1/08 

POWER 

Read mode 

L 

L 

L 

H 

L 

Data output 

Active 

Output deselect 

L 

L 

L 

H 

H 

High impedance 

Active 

Standby 

L 

L 

H 

H 

* 

High impedance 

Standby 


PRELIMINARY 


TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 


D-85 


ai^|OA-uOM Q 



TC5816ADC 


NAND EEPROM 


NV16030496 


Device Operation 


Read Mode (1) 

Read mode (1) is set by issuing a “OOH” command to the command register. Refer to Figure 4 below for timing details and 
block diagram. 


« M M M 


ALE 



IjOrLTLAJ- 






Start address input 


Select page_ 


N 


£ 




Zell, array 


A data transfer operation from the cell array to 
the register starts at the rising edge of WE in the third 
cycle (after latching the address information). The 
device will b e in a busy state during this transfer 
period. The CE signal must stay low after the third 
address input and during the busy state. 

After the transfer period the device returns to a 
ready st^ Serial data can be output synchronously 
with the RE clock from the designated starting 
pointer indicated during the address input cycle. 


Figure 4. Read mode (1) operation 


Read Mode (2) 

Read mode (2) has the same timing as read mode (1) but it is used to access information in the extra 8 byte redundancy area 
of the page. The starting pointer is therefore assigned between byte 256 and 263. 


CLE 



CE 





oooo 


Address AO - A2 are used to set the starting pointer for 
the redundant memory cell while A3 - A7 are ignored. Once 
the “50H” command is set, the pointer moves to the redun¬ 
dant cell locations and only those 8 cells can be addressed 
regardless of the A3 - A7 address {The “OOH” command is 
necessary to move the pointer back to the 0 - 255, main 
memory cell locations.) 


Figure 5. Read mode (2) operation 
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Sequential Read (1)(2) 

This mode allows sequential reads without additional address input. 



Sequential read (1) Sequential read (2) 


Figure 6. Sequential read 


Sequential read mode (1) outputs data from addresses 0 to 263 while sequential read mode (2) outputs data from the 8-byte 
redundant area only. When the pointer reaches the last address, the device continues to output data from the last address with 
each RE clock signal. 

Status Read 

The TC5816 automatically implements the execution and verification of the program and erase operations. The status read 
function is used to monitor the ready/busy status of the device, determines the pass /fail result of a program or erase operation, 
and determines if the device is in a suspend or protect mode. The device status is output through the I/O port using the RE clock 
after a “70H” command input. The resulting information is outlined in Table 4. 



Table 4. Status output table 



The Pass/Fail status on I/O 1 is only valid when the device is in the ready state. The device will always indicate a pass status 
while in the busy state. 


PRELIMINARY 


TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 


D-87 


D. Non-Volatile 






TC5816ADC 


NAND EEPROM 


NV16030496 




I/O -(toh)-Q--Q- 

\ Status on Status on 

Device 1 Device 1 

Figure 7. Status read timing application example 

SYSTEM DESIGN NOTE: If the R/B pin signals of nnultiple devices are common-wired as shown in the diagram, the status 
read function can be used to determine the status of each individually selected device. 

Auto Page Program 

The TC5816 implements the automatic page program operation after receiving a “10H” program command after the address 
and data have been input. The sequence of command, address, and data input is shown below. (Refer to the detail timing chart.) 



Command input 0—263 command command 



automatically. 



The data is transferred (programme^from the register to 
the selected page at the rising edge of WE following the “1 OH” 
command input. The programmed data is transferred back to 
the register after programming to be automatically verified by 
the device. If the program does not succeed, the above pro¬ 
gram/verify operation is repeated by the device until success 
or the maximum loop number set in the device. 


Figure 8. Auto Page Program 
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Auto Block Erase 

The block erase operation starts with the rising edge of WE after the erase execution command “DOH” (which follows the 
erase setup command “60H”). This two cycle process for erase operations acts as an extra layer of protection from accidental 
erasure of data due to possible external noise. The device automatically executes the erase and verity operations. 

Auto Block Erase 
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Suspend/Resume 

Because a block erase operation can keep the device in a busy state for an extended period of time, the TC5816 has the abil¬ 
ity to suspend the erase operation to allow program or read operations to be performed on the device. The block diagram and 
command sequence for this operation are shown below. {Refer to the detail timing chart) 



Figure 10. Suspend /Resume Operation 

The suspend/resume cycle can be repeated up to 20 times during a block erase operation. After the 

resume command input, the erase operation continues from the point at which it left off and does not have to restart. 

Reset 

The reset mode compulsorily stops all operations. For example, in the case of a program or erase operation, the regulated 
voltage is discharged to OV and the device will go into a wait state. The address and data register are set after a reset as follows: 

• Address Register : All “0” 

• Data Register :Air‘1” 

• Operation Mode : Wait State 

The response after a “FFH” reset command input is as follows: 

• If the reset (FFH) command is input during programming: Figure 11 



)_^_ I 


:◄- 

Register set 

:◄ - 

tRST ( = 10^S) 


• If the reset (FFH) command is input during erasing: Figure 12 


Internal erase 
voltage 


R/B 





J 



Register set 


\ 


i" * 



tRST (= 1 ms) 
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• If the reset (FFH) command is input during the read operation: Figure 13 



• If the reset (FFH) command is input after suspend: Figure 14 

Internal erase 
voltage 

m 

tRsif = S^ts) 

• If the status read command (70H) is input after reset: Figure 15 




• If the reset command is input in succession: Figure 16 



command than TFH’ is input 
during this period. 
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ID Read 

The TC5816 contains an ID code to identify the device type and the manufacturer. The ID codes are read out using the follow¬ 
ing timing conditions: 


_ I I 



Figure 17. ID read timing 


Table 5. Code table 



I/08 

1/07 

I/06 

I/05 

1/04 

I/03 

I/02 

I/01 

HEX data 

Maker code 

1 

0 

0 

1 

1 

0 

0 

0 

98H 

Device code 

0 

1 

1 

0 

0 

1 

0 

0 

64H 


Refer to AC characteristics for tR^AiQ, tQp, tARi (Refer to the specification). 
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Device Physics 

Program Operation 

Figure 18 shows the NAND memory cell and details of the programming mechanism. The program operation is used to write 
“0” data into an erased memory cell ("1 ” data cell) using a tunneling mechanism. An example showing the operations necessary to 
program ‘0’ data in TR1 and “1 ” data in TR2 follows: 

(1) The select lines are activated so that the transistor array is connected to the bit line and disconnected from the ground line. 

(2) Vpp (~20\/) is applied to the selected word line and an inhibit voltage of VPI (-lOV) is applied to the unselected word lines. 

(3) The bit line tied to cell transistor TR1 is biased to OV and the bit line tied to TR2 is biased to the inhibit voltage of VDPI 
(-10V). 

(4) Vpp is applied between the control gate and the channel in TR1, as shown in Figure 18, which causes electrons to be 
injected from the channel to the floating gate by a tunneling mechanism. 

(5) The injected electrons are captured in the floating gate (which is surrounded by an oxide layer) and will remain, even after 
power is cut off, until they are removed by an erase operation. 

(6) Although 20 volts is applied to the control gate of TR2, the voltage difference between the control gate and the channel is 
only 10V because the voltage of the channel is 10V. Therefore, tunneling does not take place, (i.e. electrons are not 
injected into the floating gate.) 

(7) Tunneling does not take place in the unselected pages because of the 10V (VPI) being applied to the unselected word lines 
which again makes the voltage difference between control gate and channel only 10 volts. Thus, the floating gate of the “0” 
cell is charged to “minus” and that of the “1 ” cell is charged to “plus”. 


Select linel 

(=:10V) VPI 
VPI 
VPI 

( = 20V) VPP 
VPI 
VPI 
VPI 
VPI 

VPI 

Select line2 
Select linel 



(Word linel) 
(Word rme2) 
(Word lines) 
(Word Iine4) 
(Word lines) 
(Word lines) 
(Word line?) 
(Word lines) 



(Word linel 6) 


VDPI(= lOV) 




Figure 18. TC5816 Program Device Physics 
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Erase Operation 

Figure 19 shows the NAND memory cell and details of the erase mechanism. The erase operation is used to turn the “0” (pro¬ 
grammed) cells back to “1 ” in a block. Zero volts is applied to the control gate and Vpp( ~20V) is applied to the substrate so that a 
20 volt potential is created and the electrons in the floating gate are pulled out through tunneling. 


open 


open 



OV 



Vpp (=:20V) 


Figure 19. TC5816 Erase Device Physics 


Read Operation 

The state of the memory cell is either “0” (minus charge on the floating gate) or “1 ” (plus charge on the floating gate) after pro¬ 
gramming. Each state is indicated as the “threshold voltage (Vth)” which is a characterization parameter of the MOS transistor as 
shown in Figure 20. The threshold voltage of a transistor with “0” data falls within the “plus” distribution while the threshold voltage 
of a transistor with “1 ” data falls within the “minus” distribution. The distribution band depends on transistor fluctuations. 



Figure 20. Vth Distribution for “0” and “1 ” data cell 
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Figure 21 shows the memory cell and details of the read operation; 

(1) Select lines 1 and 2 in the block including the selected page are biased at a high level so that the 16 NAND memory cell 
array is connected to the bit line and ground. 

(2) Zero volts is applied to the control gates of the selected page and a high level voltage is applied to the control gates of the 
unselected pages. 

(3) In Figure 21, transistor TR2 with data “1 ” turns on, transistor TR1 with data “0” turns off, and all other unselected transis¬ 
tors turn on. 

(4) The precharged bit line tied to TR2 is discharged through TR2 as cell current flows to ground while the precharged bit line 
tied to TR1 remains at a high level because current does not flow. The sense amplifiers tied to the bit iines thus sense the 
voltage levels as “1” and “0” respectively. 



Figure 21. TC5816 Read Device Physics 
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Application Notes and Comments 

(1) Prohibition of unspecified commands 

The operation commands are listed in Table 1. Data input as a command other than the specified commands in Table 1 is 
prohibited. Stored data may be corrupted if an unspecified command is entered during the command cycle. 


(2) Pointer control for “OOH”, “50H” 

The TC5816AFT has two read modes which set the destination of the pointer to either the main memory area of a page or the 
redundancy area. The pointer can point to any location from 0 to 255 in read mode (1) and from 256 to 263 in read mode (2). Fig¬ 
ure 22 shows the block diagram of their operations. 


OOH 

50H 


255 256 



263 


Figure 22. Pointer control 

The pointer is set to region “A” by the “OOH” command and to region “B” by the “50H” command. 

(Example) 

The “OOH” command needs to be input to set the pointer back to region “A” when the pointer control points to region “B”. 



Add 


Start point 
A area 



Add Start point Add DIN 

B area I 


Start point 



Add ^ 


Add I Add | Add DIN 


B area 


Start point 
A area 


Start point 
B area 


Start point 
A area 


Start point 
A area 


Figure 23. Example for Pointer Set 

For programming into region B only, first reset the contents of the data register to “1 ”s by inputting the FFH (reset) command. 



Add DIN 

I 


Start point 
B area 
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(3) Acceptable commands after the serial input command “80H” 

Once the serial input command (“80H”) is input, do not input any command other than the program execution command 
(“10H”) or the reset command (“FFH”) during programming. 


<®-CE> 



Figure 24 

If a command other than “10FI” or “FFFI” is input, the program operation is not performed. 


In this case, the reset command (FFH) command is 

Other command . V hppHpH 

Programming can not be executed, f ' iccueu. 


(4) Status read during read operation 


Command 

WE 

R/B 


00 



>◄- 

[A] 


\_M_ 




~~\J 1 

V / \ / V. 

J 




\ ..... 

r 


H r\ r . 


read command Status 

input read 


Status output 


Figure 25 

The device status can be read out by inputting the status read command “70H” during the read mode. Once the device is set 
to the status read mode after a “70H” command input, the device does not return to the read mode. 

Therefore, status read during the read operation is prohibited. 

However, when the read command “OOH” is input during [A], the status mode is reset, and the device returns to the read 
mode. In this case, the data output starts from N address without address input. 
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(5) Suspend command “BOH” 

The following issues need to be observed when the device is interrupted by a “BOH” command during block erasing. 



Figure 26 

Although the device status changes from busy to ready after “BOH” is input, the following two cases cannot be distinguished. 
-After a “BOH” command input, Busy-^Ready 
-After an erase operation is finished with “DOH”, Busy-^Ready 
Therefore, the device status needs to be checked to see whether or not the “BOH” command has been accepted by issuing 
a “70H” command after the device goes to ready. 

The device responds as follows when a “DOH” command (Resume) is input instead of “70H”. 

-“BOH” has been accepted: Erase operation is executed. (The device is busy.) 

-“BOH” has not been accepted. (Erase operation has been completed): “DOH” command cannot be accepted. 

_ (The device is ready.) 

Each case above is confirmed by monitoring the R/B signal. 


(6) Program fail 



Address Data 
M input 




Address Data 
N input 


When the programming result for the page address M is “Fail”, do not try 
to program the page to address N in another block. Because the previ¬ 
ous input data is lost, the same sequence of “80H” command, address 
and data input is necessary. 


Figure 27 
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(7) Data transfer 

The data in page address M cannot be automatically transferred to page address N. If the following sequence is executed, 
the data will be inverted (i.e. “1 ” data will become “0” and “0” will become “1”). 



Address Address 

M_N Program 


M 

N 



} 


Inverted data will be tranferred. 


Figure 28 


(8) Block erase after suspend command “BOH” 



address Erase execution Suspend 



A block erase command is prohibited when the device has been suspended by inputting "BOH” during a block erase opera¬ 
tion. Only a program or read operation is allowed during this erase suspend interruption. 


(9) Interruption of an erasing block 

After a “BOH” command input, neither a program nor a read operation is allowed for the accessed block which is currently in 
an erase operation. 



Block 

address 

A 



The interruption of block A is prohibited. 
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(10) R/B: Termination for the Ready/Busy pin (R/B) 

A pull-up resistor needs to be used for termination because the R/B buffer consists of an open drain circuit. 


Vcc 



This data may vary by device. We 
recommend that you use this data as a 
reference when selecting a resistor value. 



Figure 29 


(11) Status After Power On 

Although the device is set to read mode after power-up, the following sequence is needed because each input signal may not 
be stable at power on. 

• Operation mode : Read mode (1) 

• Address register : All “0” 

• Data register : Indeterminate 

• High voltage generation circuit : Off state 


Power on sequence 


Power on 


■<2D—®>- 


Reset 


Read mode(1) 


(12) Power On/Off Sequence: 

The WP signal is useful for protecting against data corruption at power on/off. The following timing is recommended: 
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(13) Setup for WP Signal 

The erase and program operations are compulsively reset when WP goes low. The WP signal must be kept at a high level 
before the 80H/60H command input for the program and erase operations. 

If WP goes high after the 80H/60H command input for a program/erase operation, the program and erase operations cannot 
be guaranteed. 



tww(Min. 100ns) 

Figure 31. WP Setup before Programming 



tww(Min. 100ns) 

Figure 32. WP Setup before Erasing 
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(14) In the case that 4 address cycles are input 

Although the device may acquire the fourth address, it is ignored inside the chip. 

Read operation: 



Internal read operation start when WE 
of the third cycle goes high. 


Program operation: 


Figure 33 



ignored 


Figure 34 
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(15) Divided program in the same page (Partial page program) 

The device allows a page to be divided into 10 segments (typically) with each page segment programmed individually as follows: 



Result 


Figure 35 

Note: The input data for unprogrammed or previously programmed page segments must be “1 ” (i.e. Mask all page bytes out¬ 
side the segment to be programmed with “1 ” data.). 

(16) RE Signal During Read 

The internal column address counter is incremented synchronously with the RE clock in the read mode. Therefore, once the 
device is set into the read mode by the “OOH” or “50H” command, the internal column address counter can be incremented by 
the RE clock before or after the address input. Assuming that RE clocks before the address input and the pointer reaches the last 
column address, an internal read operation (array->register) will occur and the device will be in a busy state. (See Figure 36) 


Address input 


I/O 


WE 


RE 


m 





Figure 36 

Therefore, RE clocking must occur after the address input. 
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(17) Invalid block (bad block) 

The TC5816 device contains unusable blocks. Therefore, the following issues must be recognized: 



Check if the device has any bad blocks after device installation into the 
system. Do not try to access bad blocks. A bad block does not affect the 
performance of good blocks because it is isolated from the bit line by the 
select gate. The number of valid blocks is as follows: 



MIN. 

TYP. 

MAX. 

UNIT 

Valid (Good) Block Number 

502 

508 

512 

Blocks 


Figure 37 shows the bad block test flow. 


(18) Error in program or erase operation (Fail at status read) 

The device may fail during a program or erase operation due to exceeding write/erase cycle limits, for example. The following 
system architecture will enable high system reliability if a failure occurs. 


Program 



Block A 


Block B 


When an error happens in Block A, try to reprogram the data 
into another (Block B) by loading from an external buffer. Then, 
prevent further system accesses to Block A (by creating a “bad 
blocks” table or another appropriate scheme.) 


Erase 

When an error occurs for an erase operation, prevent future accesses to this bad block (again by creating a table within the 
system or other appropriate scheme.) 
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Bad Block Test Flow 


C: Checker board pattern 
C: Checker board pattern 
Blank check; 1 Block read (FFH) 

The blank check operation detects 
“0”s resulting from factory block testing. 

Any new devices having “0”s in a block indicates 
that the block is bad. 



( Test End ) 


Figure 37. Bad Block Test Flow 
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Outline Drawings 

FDC-22 Unit: mm 



E: Write protect area 
F: The distance between the sur¬ 
face of D and all contact area is 
less than 0.1mm. 

G: Index area 



Weight: 0.48g (typ.) 


Contact area (2 : 1) 


Attention 

(1) Avoid bending or subjecting the card to sudden impact. 

(2) Avoid touching the connectors to protect against damage from static electricity. 

This card should be kept in the antistatic film case when not in use. 

(3) Toshiba cannot accept and hereby disclaims liability for any damage to the card including data corruption that may occur because of mishandling. 

1. This technical data may be controiled under U.S. Export Administration Regulations and may be subject to the approval of the U.S. Department of Commerce prior to export. Any export or re-export, directly or indi¬ 
rectly, in contravention of the U.S. Export Administration Regulations is strictly prohibited. 

2. LIFE SUPPORT POLICY 

Toshiba products described in this document are not authorized for use as critical components in life support systems without the written consent of the appropriate officer of Toshiba America, Inc. Life support sys¬ 
tems are either systems intended for surgical implant in the body or systems which sustain life. 

A critical component in any component of a life support system whose failure to perform may cause a malfunction of the life support system, or may affect its safety or effectiveness. 

3. The information in this document has been carefully checked and is believed to be reliable; however no responsibility can be assumed for inaccuracies that may not have been caught. All information in this data book 
is subject to change without prior notice. Furthermore, Toshiba cannot assume responsibility for the use of any license under the patent rights of Toshiba or any third parties. 
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Description 

The TC5832FT is a 5 volt 34M (34,603,008) bit NAND Electrically Erasable and Programnnable Read Only Memon/ (NAND 
EEPROM) organized as 528 bytes x 16 pages x 512 blocks. The device has a 528 byte static register which allows program 
and read data to be transferred between the register and the memory cell array in 528 byte increments. The erase operation 
is implemented in a single block unit (8k bytes + 256 bytes: 528 bytes x 16 pages). 

The TC5832FT is a serial type of memory device which utilizes the I/O pins for both address and data input/output as well 
as command inputs. The erase and program operations are automatically executed making the device most suitable for 
applications such as Solid State File Storage, Voice Recording, Image File Memory for still cameras, and other systems which 
require high density, non-volatile memory data storage. 


Features 


• Organization 

- Memory cell array 

- Register 

- Page size 

- Block size 
® Mode 


® Mode control 

• Package 

- TC5832FT 

• Power supply 
® Access time 


: 528 X 8K X 8 
: 528 X 8 
: 528 bytes 
: (8k + 256) bytes 
: Read, Reset, Auto page 
program. Auto block 
erase, Suspend/ 
Resume, Status read 
: Serial input/output 
Command control 
:400mil TSOP Type II 
: TSOP44-P-400B 
(0.48g typ.) 

: Vcc = 5.0V±0.5V 


- Cell array - Register : 10jis max. 

- Serial Read Cycle : 50ns max. 

® Operating current 

- Read (50ns cycle) : 15mA typ. 

- Program (ave.) : 40mA typ. 

- Erase (ave.) : 20mA typ. 

- Standby : lOOjiA 

• Operating temperature : 0 ~ 70°C 


Pin Names 


I/O 1 ^ 8 

I/O Port 

CE 

Chip Enable 

We 

Write Enable 

RE 

Read Enable 

OLE 

Command Latch Enable 

ALE 

Address Latch Enable 

WP 

Write Protect 

R/B 

Ready/Busy 

OP 

Option Pin 

< 

o 

o 

Power Supply 

Vss 

Ground 


OP: GND Input: 528 Byte/Page Operation 
Vqc Input: 512 Byte/Page Operation 

Pin Connection (Top View) 


TC5832FT 


i Vss 

c 

1 

44 

□ Vcc 

; CLE 

c 

2 

43 


; ALE 

c 

3 

42 

□ RE 

: WE 

c 

4 

41 

□ R/B 

: WP 

c 

.5.. 

.4P. 

3.Q.R,.. 

N.C. 

c 

6 

39 

□ N.C 

N.C 

c 

7 

38 

□ N.C 

N.C. 

c 

8 

37 

□ N.C 

N.C 

c 

9 

36 

□ N.C 

N.C 

c 

10 

35 

□ n.c 



11 

34 




12 

33 


N.C 

c 

13 

32 

□ N.C 

N.C 

c 

14 

31 

□ N.C 

N.C 

c 

15 

30 

□ N.C 

N.C 

c: 

16 

29 

□ N.C 

..N.C. 

c 

17 

. 

3.N,C... 

I/O 1 

c: 

18 

27 

□ 1 / 0 8j 

1/02 

c: 

19 

26 

P l/07i 

1/03 

c 

20 

25 

□ 1/06: 

1/04 

c 

21 

24 

-Ji/05: 

....Ys5. 

c 

22 

23 

=lVc(; : 
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Block Diagram 


Vcc GND 



Maximum Ratings 


SYMBOL 

ITEM 

RATING 

UNIT 

Vdd 

Power Supply 

o 

i 

CD 

d 


V|N 

Input Voltage 

o 

CD 

d 

V 

V|/o 

Input/Output Voltage 

-0.6V - Vcc + 0-5V (< 7.0V) 


Pd 

Power Dissipation 

0.5 

W 

Tsolder 

Soldering Temperature (10s) 

260 


TstG 

Storage Temperature 

-55-150 

°c 

Tqpr 

Operating Temperature 

o 

i 

o 


Capacitance* (Ta = 25°C, f = 1MHz) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

C|N 

Input Capacitance 

> 

o 

II 

z 

> 

- 

5 

10 

PF 

Cqut 

Output Capacitance 

VoUT = OV 

- 

5 

10 


*This parameter is periodically sampled and is not 100% tested. 
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Valid Blocks (1) 


SYMBOL 

PARAMETER 

TC5832FT 

UNIT 

MIN. 

TYP. 

MAX. 

Nvb 

Valid block number 

502 

508 

512 

Blocks 


(1) The TC5832FT includes unusable blocks. Refer to notification (17) toward the end of this document. 


DC Recommended Operating Conditions 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

< 

o 

o 

Power Supply 

4.5 

5.0 

5.5 

V 

V|H 

Input High Voltage 

2.2 

- 

Vcc + 0.5 

V|L 

Input Low Voltage 

-0.3* 

-- 

0.8 


* -2V (pulse width < 20ns) 


DC Characteristics (Ta = 0 ~ 70°C, Vqc = 5.0V±0.5V) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

lu 

Input Leakage Current 

V,N = 0V~Vcc 

- 

- 

±10 

^lA 

•lo 

Output Leakage Current 

VoUT = 0-4V ~ Vcc 

_ 

- 

±10 

Iccoi 

Operating Current (Serial Read) 

A Wie = 50ns 

- 

15 

30 

mA 

•CC03 

Operating Current (Command Input) 

tcycle = 50ns 

- 

15 

30 

ICC04 

Operating Current (Data Input) 

^cycle ~ 50ns 

- 

40 

60 

■CC05 

Operating Current (Address Input) 

^cycle ~ 50ns 

- 

15 

30 

•CC07 

Program Current 

_ 

- 

40 

60 

•CC08 

Erasing Current 

_I_ 


20 

40 

Iccsi 

Standby Current 

X 

> 

II 

ILU 

lo 

- 

- 

1 

ICCS2 

Standby Current 

CE= Vcc-0.2V 

- 

- 

100 

HA 

Vqh 

High Level Output Voltage 

Iqh = ■ 400pA 

2.4 

- 

- 

V 

Vql 

Low Level Output Voltage 

Iql = 2.1mA 

- 

- 

0.4 

Iol(R/B) 

Output Current of (R/B) pin 

VoL = 0.4V 

- 

8 

- 

mA 
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AC Characteristics (Ta = 0 ~ 70°C, Vcc = 5.0V+0.5V) (1) 


SYMBOL 

PARAMETER 

. . 

MIN. 

MAX. 

UNIT 

NOTES 

tcLS 

CLE Setup Time 

0 

- 

ns 


tCLH 

CLE Hold Time 

10 

- 

ns 


tcs 

CE Setup Time 

0 

- 

ns 


^CH 

CE Hold Time 

10 

~ 

ns 


twp 

Write Pulse Width 

25 

- 

ns 


Uls 

ALE Setup Time 

0 

- 

ns 


^ALH 

ALE Hold Time 

10 


ns 


^DS 

Data Setup Time 

20 

- 

ns 


bH 

Data Hold Time 

10 


ns 


twc 

Write Cycle Time 

50 

- 

ns 

(2) 

%H 

We High Hold Time 

15 

- 

ns 


tww 

WPHigh to We Low 

100 

- 

ns 


tpR 

Ready to ^ Falling Edge 

20 

- 

ns 


^RP 

Read Pulse Width 

25 

- 

ns 


tRC 

Read Cycle Time 

50 

- 

ns 


tREA 

RE Access Time (Serial Data Access) 

- 

35 

ns 


tcEH 

CE High Time at the Last Address in the Serial Read Cycle 

100 

- 

ns 

(4) 

tREAlD 

TO Access Time (ID Read) 

- 

35 

ns 


^OH 

Data Output Hold Time 

10 

- 

ns 


tRHZ 

TO High to Output High Impedance 

- 

30 

ns 


^CHZ 

CE High to Output High Impedance 

- 

20 

ns 


tREH 

TO High Hold Time 

15 

- 

ns 


tlR 

Output High Impedance to TO Rising Edge 

0 

- 

ns 


tRSTO 

TO Access Time (Status Read) 

- 

35 

ns 


tcSTO 

CE Access Time (Status Read) 

_ 

45 

ns 


^RHW 

TO High to WE Low 

0 

- 

ns 


twHC 

We High to CE Low 

30 

- 

ns 


twHR 

We High to TO Low 

30 

- 

ns 


Uri 

ALE Low to TO Low (ID Read) 

100 

- 

ns 


tcR 

CE Low to TO Low (ID Read) 

100 

- 

ns 


^R 

Memory Cell Array to Starting Address 

- 

10 

|IS 


Wb 

We High to Busy 

- 

200 

ns 


tAR2 

ALE Low to TO low (read cycle) 

50 

- 

ns 


^RB 

TO Last Clock Rising Edge to Busy (Sequential Read) 

- 

200 

ns 


^CRY 

CE High to Ready (in case of Interception by CE in Read Mode) 

- 

600 

ns 

(3) 

tRST 

Device Resetting Time (Read/Program/Erase/after Suspend Command) 

- 

6/10/ 

500/5 

ps 



AC Test Conditions 


Input Level 

2.4V/0.6V 

Input Comparison Level 

2.2V/0.8V 

Output Data Comparison Level 

2.0V/0.8V 

Output Load 

1TTL and Cl (100 pF) 
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(1) Transition time (tj) = 5ns. 

(2) In the case that CLE, ALE, CE are input with clock, twc exceeds 50ns. 


set - up time + hold time + twp + txx + 4^ 
0ns 10ns 25ns 20ns 

(ex.) 


CLE -V/ 

ALE _ \ 



(3) CE high to Ready time depends on the pullup resistor tied to the R/B pin. (Refer to notification (10) toward the end of this 
document.). 


(4) If CE returns to a high level after accessing the last address (527) in read modes (1), (2) or (3), the CE high time must keep 
equal to or greater than 100ns when the delay tim^f CE against RE is 0 to 200ns as shown below. In the second case, 
the device will not turn to a “Busy” state when the CE delay time is less than 30ns. 


CE 


RE 


i 


tcEH " tOOns 




525 

509 


526 

510 


527 

511 




* V,H or V,L 


R/B 


\ 


/ 


: 0-200ns Iceh - 100ns 
: 0^30ns Busy signal is not output. 


Programming and Erasing Characteristics (Ta = 0 ~ 70°C, Vqc = 5.0V10.5V) 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

NOTES 

tpROG 

Average Programming Time 


300 

1500 

ps 


N 

Divided Number on Same Page 



3 


(1) 

^BERASE 

Block Erasing Time 


6 

50 

ms 


tSR 

Suspend Input to Ready 



0.5 

ms 


tEV 

Erase verify time 



6 

|IS 


Np/E 

Number of Program/Erase Cycles 

250K 

1 X 10® 





(1) Refer to notification (15) toward the end of this document. 


PRELIMINARY 


TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 


D-111 


D. Non-Volatite 




TC5832FT 


NAND EEPROM 


NV32010196 





NV32010196 


NAND EEPROM 


TC5832FT 


Address Input Cycle 
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Read Cycle (1) 



Read Cycle (1): Interception by CE 
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Sequential Read Timing 


CE 




access access 



V,H or V,L 


* O.P. =GND input : Dout 527 
= Vcc input : DqutSII 
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Auto Program Operation Timing Chart 



** Do not collide data input 
with data output. 
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Auto Block Erase Timing 



Auto Block Erase 
Setup 
Command 


Erase Execution 
Command 


Status Read 
Command 


** Do not collide data input 
with data output. 



V|H or V|L 
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ID Read Operation 
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Pin Function 

The TC5832FT is a serial access memory in which address and data information is multiplexed. The device pinout is shown in 
Figure 1. 


Command Latch Enable: CLE 

The CLE input signal is used to control the acquisition of the operation mode 
command into the internal command register. The command is latched into the 
command register from the I/O port at the rising edge of the WE signal while CLE 
is high. 

Address Latch Enable: ALE 

The ALE signal is used to control the acquisition of either address information 
or input data into the internal address/data register. Address information is latched 
at the rising edge of WE if ALE is high. Input data is latched if ALE is low. 

Chip Enable: ^ 

_The device goes into a low power standby mode during a read operation when 

CE_goes high. The CE signal is ignored when the device is in the busy state 
(R/B = L) during a program or erase operation and will not go into standby mode if 
a CE high signal is input. The CE signal must stay low during the read mode busy 
state to ensure that the memory array data is correctly transferred to the data register. 

Write Enable: WE 

The WE signal is used to control the acquisition of data from the I/O port. 

Read Enable: RE 

The RE signal controls the serial data output. Data is available tpE^ falling edge of RE. The internal column address 

counter is also incremented (Address + 1) with this falling edge. 

I/O Port: 1/01 ~ 8 

The I/O 1 ~ 8 pins are used as the port for transferring address, command and input/output data information to or from the 
device. 

Write Protect: WP 

The WP signal is used to protect the device from inadvertent programming or erasing. The internal voltage regulator is reset 
when WP is low. This signal is usually used for protecting the data during the power on/off sequence when the input signals are 
invalid. 

Ready/Busy: R/B 

The R/B output signal is used to indicate the state of the device. The R/B signal indicates a busy state (R/B = L) during pro¬ 
gram, erase, or read operations and will return to a ready state (R/B = H) after completion. The output buffer of this signal is an 
open drain. 

Option Pin: OP 

The OP signal is used to change the page size. The device is in the 528 byte/page mode when OP = GND, and 512 byte/ 
page mode when OP = Vcc- 



ICE 
I RE 
R/B 
I O.P. 


I I/08 
I I/07 
I I/06 
I I/05 
I Vcc 


Figure 1. TC5832FT Pinout 
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Schematic Cell Layout and Address Assignment 

The program operation is implemented in a page unit while the erase operation is carried out in block units. 



A page consists of 528 bytes in which 512 bytes are 
for main memory and 16 bytes are for redundancy or other 
uses. 

1 Page = 528 bytes; 

1 Block = 528 bytes x 16 pages = (8K + 256) bytes 
Total device density = 528 bytes x 16 pages 
X 512 blocks 

~ 34M bits (4.325M bytes) 

The address is acquired through the I/O port using 
three consecutive clock cycles as shown in Figure 3. 


Figure 2. TC5832 Schematic Cell Layout 



1/01 

1/02 

1/03 

I/04 

I/05 

1/06 

1/07 

1/08 

First cycle 

AO 

A1 

A2 

A3 

A4 

A5 

A6 

A7 

Second cycle 

A9 

A10 

A11 

A12 

A13 

A14 

A15 

A16 

Third cycle 

A17 

A18 

A19 

A20 

A21 

*L 

*L 

*L 


AO ~ A7 : column address 
A9 ~ A21 : page address 
A13 ~ A21: block address 
A9~A12 : NAND address 
in block 


* A8 is initially set to “Low” or “High” by “OOH” Command or “01H” Command. 

* I/O 6 ~ 8 during the third cycle must be set to low level 


) 


Figure 3. Addressing 


Operation Mode: Logic and Command Tables 

The operation modes such as program, erase, read, erase suspend, and reset are controlled by the eleven different com¬ 
mand operations shown in Table 2. The address, command input, and data input /output are controlled by the CLE, ALE, CE, 
WE, RE, and WP signals as shown in Table 1. 
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Table 1. Logic Table 



CLE 

ALE 

CE 

WE 

RE 

WP 

Command input 

H 

L 

L 

n /fT 

H 

* 

Data input 

L 

L 

L 


H 

* 

Address input 

L 

H 

L 

“L-iT 

H 

* 

Serial data output 

•- 

L 

L 

H 


★ 

During programming (Busy) 

* 

it 

it 

* 

* 

H 

During erasing (Busy) 


* 

* 

I 

* I 

I 

* 

H 

Program, Erase inhibit 

* 


* 


* 

L 


H = V|h,L = V|l,* = V,h orV,L 


Bit assignment of HEX data 
(Example) 


I 1 I 0 I 0 I 0 I 0 I 0 I 0 I 0 I 

'^087 6 5 4 3 2 ^ 


Once the device is set into the read mode by the “OOH”, “01H” or “50H” command, additional read commands are not 
needed for sequential page read operations. Table 3 shows the operation mode for reads. 


Table 3. Operation mode for reads 



CLE 

ALE 

CE 

WE 

RE 

1/01 -1/08 

POWER 

Read mode 

L 

L 

L 

H 

L 

Data output 

Active 

Output deselect 

L 

L 

L 

H 

H 

High impedance 

Active 

Standby 

L 

L 

H 

H 

* 

High impedance 

Standby 


Serial data input : BOH 



Table 2. Command Table (HEX data) 



FIRST CYCLE 

SECOND CYCLE 

ACCEPTABLE 
COMMAND 
DURING BUSY 

Serial data input 

80 

- 


Read mode (1) 

00 

- 


Read mode (2) 

01 

- 


Read mode (3) 

50 

- 


Reset 

FF 

- 

V 

Auto program 

10 

- 


Auto block erase 

60 

DO 


Suspend in erasing 

BO 

- 

V 

Resume 

DO 

- 


Status read 

70 

- 

V 

ID read 

90 
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Device Operation 


Read Mode (1) 

Read mode (1) is set by issuing a “OOH” command to the command register. Refer to Figure 4 below for timing details and 
block diagram. 


CLE 


« ~ \ M M M 




Start address input 

Ml 511 or 527 



A data transfer operation from the cell array to 
the register starts at the rising edge of WE in the third 
cycle (after latching the address information). The 
device will be in a busy state during this transfer 
period. The CE signal must stay low after the third 
address input and during the busy state. 

After the transfer period the device returns to a 
ready state. Serial data can be output synchronously 
with the RE clock from the designated starting 
pointer indicated during the address input cycle. 


Figure 4. Read mode (1) operation 


Read Mode (2) 

CLE _J~\ _ 

« M M M 



Start address input 


M 

256 I 511 or 527 ^ 


Select page 
N 



^Cell array 


The operation of the device after inputting 01H is the 
same as Read Mode (1). In case of setting the starting 
pointer after column address 256 use Read Mode (2). 

However in case of sequential read, the output of 
the next page starts from column address 0. 


Figure 5. Read mode (2) operation 
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Read Mode (3) 

Read mode (3) has the same timing as read mode (1) and (2) but it is used to access information in the extra 16 byte redun¬ 
dancy area of the page. The starting pointer is therefore assigned between byte 512 and 527. 



I/O -(50H 


Address AO - A3 are used to set the starting pointer for the 
”7 ^ redundant memory cell while A4 - A7 are ignored. Once the 

^ ^ “50H” command is set, the pointer moves to the redundant cell 

^ locations and only those 16 cells can be addressed regardless of 

the A4 - A7 address (The “OOH” command is necessary to move 
^ the pointer back to the 0 - 511, main memory cell locations.) 

Read mode (3) cannot be guaranteed when OP is Vqq. 

Figure 6. Read mode (3) operation 



Sequential Read (1)(2)(3) 

This mode allows sequential reads without additional address input. 



Sequential read (1) Sequential read (2) Sequential read (3) 


Sequential read mode (1) and (2) outputs addresses 0 to 527 as shown above while sequential read mode (3) outputs the 
redundant address locations only. When the pointer reaches the last address, the device continues to output the last data ** with 
each RE clock signal. 

** OP = GND input: column address 527. 

Vqq input; column address 511. 
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Status Read 

TheTC5832FT automatically implements the execution and verification of the program and erase operations. The status read 
function is used to monitor the ready/busy status of the device, determines the pass /fail result of a program or erase operation, 
and determines if the device is in a suspend or protect mode. The device status is output through the I/O port using the RE clock 
after a “70H” command input. The resulting information is outlined in Table 4. 


Table 4. Status output table 



STATUS 

OUTPUT 

I/O 1 

Pass/Fail 

Pass; “0” 

Fail:“1” 

I/O 2 

Not used 

“0” 

I/O 3 

Not used 

“0” 

I/O 4 

Not used 

“0” 

I/O 5 

Not used 

“0” 

I/O 6 

Suspend 

Suspended: “1” 

Not Suspended: “0” 

I/O 7 

Ready/Busy 

Ready: “1” 

Busy: “0” 

1/0 8 

Write protect 

Protect: “0” 

Not Protect: “1” 


The Pass/Fail status on I/O 1 is only valid when the device is in the ready state. The device will always indicate a pass status 
while in the busy state. 

An application example with multiple devices is shown in Figure 7. 



R/B 

CLE 

ALE 

WE 

CEU 

RE 

I/O 


Busy 

j -^_ I -V 



-LJ- 

J - 

-\_J-\_ f 


V_J- 


^70h)- Q -^ 

Status on 
Device 1 



Status on 
Device 1 


Figure 7. Status read timing application example 

SYSTEM DESIGN NOTE: If the R/B pin signals of multiple devices are common-wired as shown in the diagram, the status 
read function can be used to determine the status of each individually selected device. 
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Auto Page Program 

The TC5832FT implements the automatic page program operation after receiving a “10H” program command after the 
address and data have been input. The sequence of command, address, and data input is shown below. (Refer to the detail tim¬ 
ing chart.) 


Data 



Command Input 0—527 When O.P. = GND command 

0-511 When O.P. «Vcc 


R/B 

input 



R/B turns to Ready after completion 
automatically. 


The data is transferred (programmed) from the register to the 
selected page at the rising edge of WE following the “1 OH” com¬ 
mand input. The programmed data is transferred back to the regis¬ 
ter after programming to be automatically verified by the device. If 
the program does not succeed, the above program/verify operation 
is repeated by the device until success or the maximum loop num¬ 
ber set in the device. 


Figure 8. Auto page program 


Auto Block Erase 

The block erase operation starts with the rising edge of WE after the erase execution command “DOH” (which follows the 
erase setup command “60H”). This two cycle process for erase operations acts as an extra layer of protection from accidental 
erasure of data due to possible external noise. The device automatically executes the erase and verify operations. 

Auto Block Erase 


R/B 



Input : 2 cycle : 

Erase execution 
command 


Busy 



Suspend/Resume 

The TC5832FT has the ability to suspend the erase operation to allow program or read operations to be performed on the 
device. The block diagram and command sequence for this operation are shown below. (Refer to the detail timing chart) 
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The - suspend/resume cycle can be repeated up to 20 times during a block erase operation. After the 

resume command input, the erase operation continues from the point at which it left off and does not have to restart. 

Reset 

The reset mode compulsorily stops all operations. For example, in the case of a program or erase operation, the regulated 
voltage is discharged to OV and the device will go into a wait state. The address and data register are set after a reset as follows: 

• Address Register : All “0” 

• Data Register : AH “1” 

• Operation Mode : Wait State 

The response after a “FFH” reset command input is as follows: 

• If the reset (FFH) command is input during programming: Figure 10 



(max 10//S) 


• If the reset (FFH) command is input during erasing: Figure 11 



(max 500>^<s) 


®lf the reset (FFH) command is input during the read operation: Figure 12 



® If the reset (FFH) command is input after suspend: Figure 13 
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•If the status read command (70H) is input after reset: Figure 14 


R/B 


<E> 

“L 


/ 



I/O status : Pass/FailPass 
- s-T Ready / BusyReady 


However, the following operation is prohibited. If the following operation is executed, set up for the address and data register 
cannot be guaranteed. 


R/B 



Pass/Fail Pass 
Ready/BusyBusy 


If the reset command is input in succession: Figure 15 





(3) 



The second ^7 f^ command is invalid, but the 
third ^/F^ command is valid. 
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ID Read 

The TC5832FT contains an ID code to identify the device type and the manufacturer. The ID codes are read out using the fol¬ 
lowing timing conditions: 


_ I I 



Figure 16. ID read timing 
Table 5. Code table 



1/08 

I/07 

I/06 

I/05 

I/04 

1/03 

1/02 

I/01 

HEX data 

Maker code 

1 

0 

0 

1 

1 

0 

0 

0 

98H 

Device code 

0 

1 

1 

0 

1 

0 

1 

1 

6BH 


Refer to AC characteristics for t^EA\D> ^cr- Uri • 
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Device Physics 


Program Operation 

Figure 17 shows the NAND memory cell and details of the programming mechanism. The program operation is used to write 
“0” data into an erased memory cell (“1 ” data cell) using a tunneling mechanism. An example showing the operations necessary to 
program ‘0’ data in TR1 and “1 ” data in TR2 follows; 

(1) The select lines are activated so that the transistor array is connected to the bit line and disconnected from the ground line. 

(2) Vpp (~20\/) is applied to the selected word line and an inhibit voltage of VPI («1 OV) is applied to the unselected word lines. 

(3) The bit line tied to cell transistor TR1 is biased to OV and the bit line tied to TR2 is biased to the inhibit voltage of VDPI 
(«10V). 

(4) Vpp is applied between the control gate and the channel in TR1, as shown in Figure 17, which causes electrons to be 
injected from the channel to the floating gate by a tunneling mechanism. 

(5) The injected electrons are captured in the floating gate (which is surrounded by an oxide layer) and will remain, even after 
power is cut off, until they are removed by an erase operation. 

(6) Although 20 volts is applied to the control gate of TR2, the voltage difference between the control gate and the channel is 
only 10V because the voltage of the channel is 10V. Therefore, tunneling does not take place, (i.e. electrons are not 
injected into the floating gate.) 

(7) Tunneling does not take place in the unselected pages because of the 10V (VPI) being applied to the unselected word lines 
which again makes the voltage difference between control gate and channel only 10 volts. Thus, the floating gate of the “0” 
cell is charged to “minus” and that of the “1” cell is charged to “plus”. 



(Word linel) 
(Word Iine2) 
(Word iine3) 
(Word Iine4) 
(Word lines) 
(Word lineS) 
(Word line?) 
(Word lines) 

(Word line 16) 


TRl 


Vpp (s 20V) 

T 



OV 


000® 1 _Q VDPI (= 10V) 


;^vDPi; 


T 


Figure 17. TC5832FT Program Device Physics 
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Erase Operation 

Figure 18 shows the NAND memory cell and details of the erase mechanism. The erase operation is used to turn the “0” (pro¬ 
grammed) cells back to “1 ” in a block. Zero volts is applied to the control gate and Vpp (~20\/) is applied to the substrate so that a 
20 volt potential is created and the electrons in the floating gate are pulled out through tunneling. 


open open 




Figure 18. TC5832 Erase Device Physics 

Read Operation 

The state of the memory cell is either “0” (minus charge on the floating gate) or “1 ” (plus charge on the floating gate) after pro¬ 
gramming. Each state is indicated as the “threshold voltage (Vth)” which is a characterization parameter of the MOS transistor as 
shown in Figure 19. The threshold voltage of a transistor with “0” data falls within the “plus” distribution while the threshold voltage 
of a transistor with “1 ” data falls within the “minus”. The distribution band depends on the fluctuation of the transistor. 



Figure 19. Distribution for “0” and “1” data cell 
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Figure 20 shows the memory cell and details of the read operation: 

(1) Select lines 1 and 2 in the block including the selected page are biased at a high level so that the 16 NAND memory cell 
array is connected to the bit line and ground. 

(2) Zero volts is applied to the control gates of the selected page and a high level voltage is applied to the control gates of the 
unselected pages. 

(3) In Figure 20, transistor TR2 with data “1 ” turns on, transistor TR1 with data “0” turns off, and all other unselected transis¬ 
tors turn on. 

(4) The precharged bit line tied to TR2 is discharged through TR2 as cell current flows to ground while the precharged bit line 
tied to TR1 remains at a high level because current does not flow. The sense amplifiers tied to the bit lines thus sense the 
voltage levels as “1 ” and “0” respectively. 



Figure 20. TC5832FT Read Device Physics 
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Application Notes and Comments 

(1) Prohibition of unspecified commands 

The operation commands are listed in Table 2. Data input as a command other than the specified commands in Table 2 is 
prohibited. Stored data may be corrupted if an unspecified command is entered during the command cycle. 


(2) Pointer control for “OOH”, “01H”, “50H” 

The TC5832FT has three read modes which set the destination of the pointer. Table 6 shows the destination of the pointer, 
and Figure 21 shows the block diagram of their operations. 


Table 6. Pointer Destination 


Read mode 

Command 

Pointer 

(1) 

OOH 

0-255 

(2) 

01H 

256-511 

(3) 

50H 

512-527 


0 255256 511512 527 



Figure 21. Pointer control 


The pointer is set to region “A” by the “OOH” command, to region “B” by the “01 ” command, and to region “C” by the “50H” 
command. 

(Example) 

The “OOH” command needs to be input to set the pointer back to region “A” when the pointer control points to region “C”. 



Add Start point Add Start point Add DIN 



Add I Add j Add | Add DIN 

Start point Start point Start point Start point 

A area C area A area A area 



Add 


Start point 
A area 



Add Start point 
B area 



Add DIN 


Start point 
A area 


For programming into region “C” only, set the start point to region “C” with the “50H” command. (To program into region C or 
if OP = Vqq, it is necessary to reset the contents of the data register to “1 ” by issuing the “FFH” command in advance. 



Add DIN 

Start point 



I Add DIN 0'-511 

OP=Vrr Start point 

A area 


Figure 22. Example for Pointer Set 
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(3) Acceptable commands after the serial input command “80H” 

Once the serial input command (“80H”) is input, do not input any command other than the program execution command 
(“10H”) or the reset command (“FFH”) during programming. 


®-CS> 




AHHrPcc 


Internal Vpp input / 




\_ f 


Figure 23 

If a command other than “1 OFi” or “FFFI” is input, the program operation is not performed. 


80 ;-C XX >—Q 10 

Other command 


Programming can not be executed. 


In this case, the reset command (FFH) command is 
needed. 


(4) Status read during read operation 


Command 

WE 

R/B 

RE 


00 


^ i 

^ 

[A] 



r 




^ ^ V. 

J . 




\.. ... 

_ r 


r\ r~ . 


read command Status 

input read 


Status output 


Figure 24 

The device status can be read out by inputting the status read command “70H” during the read mode. Once the device is set 
to the status read mode after a “70H” command input, the device does not return to the read mode. 

Therefore, status read during the read operation is prohibited. 

However, when the read command “OOH” is input during [A], the status mode is reset, and the device returns to the read 
mode. In this case, the data output starts from N address without address input. 
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(5) Suspend command “BOH” 

The following issues need to be observed when the device is interrupted by a “BOH” command during block erasing. 



Recovery 

time(500;rf) 


Figure 25 

Although the device status changes from busy to ready after “BOH” is input, the following two cases cannot be distinguished. 
-After a “BOH” command input, Busy-^Ready 
-After an erase operation is finished with “DOH”, Busy-^Ready 
Therefore, the device status needs to be checked to see whether or not the “BOH” command has been accepted by issuing 
a "70H” command after the device goes to ready. 

The device responds as follows when a “DOH” command (Resume) is input instead of “70H”. 

-“BOH” has been accepted: Erase operation is executed. (The device is busy.) 

-"BOH” has not been accepted. (Erase operation has been completed): “DOH” command cannot be accepted. 

_ (The device is ready.) 

Each case above is confirmed by monitoring the R/B signal. 


(6) Program fail 



Address Data Address Data 

M input N input 



When the programming result for the page address M is “Fail”, do not try 
to program the page to address N in another block. Because the previ¬ 
ous input data is lost, the same sequence of “80H” command, address 
and data input is necessary. 



Figure 26 
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(7) Data transfer 

The data in page address M cannot be automatically transferred to page address N. If the following sequence is executed, 
the data will be inverted (i.e. “1 ” data will become “0” and “0” will be “1 ”). 




Address 

M 


Address 

N Program 


I 


-CzD" 



Inverted data will be tranferred. 


Figure 27 


(8) Block erase after suspend command “BOH” 



address Erase execution Suspend 



A block erase command is prohibited when the device has been suspended by inputting “BOH” during a block erase opera¬ 
tion. Only a program or read operation is allowed during this erase suspend interruption. 

(9) Interruption of an erasing block 

After a “BOH” command input, neither a program nor a read operation is allowed for the accessed block which is currently in 
an erase operation. 



Block 

address 

A 



The interruption of block A is prohibited. 
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(10) R/B: Termination for the Ready/Busy pin (R/B) 

A pull-up resistor needs to be used for termination because the R/B buffer consists of an open drain circuit. 


Vcc 



This data may vary by device. We 
recommend that you use this data as a 
reference when selecting a resistor value. 



Figure 28 


(11) Status After Power On 

Although the device is set to read mode after power-up, the following sequence is needed because each input signal may not 
be stable at power on. 


Power on 


— 

Reset Read mode(1) 


o> 


Figure 29 


(12) Power On/Off Sequence: 

The WP signal is useful for protecting against data corruption at power on/off. The following timing is necessary: 



Figure 30. TC5832FT Power On/Off Sequence 
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(13) Setup of WP Signal 

The erase and program operations are compulsively reset when WP goes low. The following conditions must be met: 
Program 



tww 

100ns min 


Erase 



tww 

100ns min 
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(14) In the case that 4 address cycles are input 

Although the device may acquire the fourth address, it is ignored inside the chip. 

Read operation: 



Internal read operation start when WE 
of the third cycle goes high. 

Figure 31 

Program operation: 



ignored 

Figure 32 
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(15) Divided program in the same page (Partial page program) 

The device allows a page to be divided into 3 segments (typically) with each page segment programmed individually as fol¬ 
lows: 


The first programming 

Column A 
n Page 



The second programming 


n Page 


Column C 


Data Pattern 2 


The third programming 


n Page 


Column F 

Data Patterns HI'T 


Result 


Column A 

n Page 


Data Pattern 1 


Column B Column C 
' 1 ' 


Data Pattern 2 


Column D Column E 

'r 


Column F 

Data Patterns Hh'I 


Figure 33 

Note: The input data for unprogrammed or previously programmed page segments must be “1”. (i.e. Mask all page bytes 
outside the segment to be programmed with “1” data.) 

(16) RE Signal During Read 

The internal column address counter is incremented synchronously with the RE clock in the read mode. Therefore, once the 
device j^et into the read mode by the “OOH”, 01H” or “50H” command, the internal column address counter can be incremented 
by the RE clock before or after the address input. Assume that RE clocks before the address input and the pointer reaches the 
last column address, an internal read operation (array->register) will occur and the device will be in a busy state. (See Figure 34) 


I/O 

WE 

R/B 


Address input 


~\j- 


W'W 


<i>oo 


X 


Therefore, RE clocking must occur after the address input. 

Figure 34 
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(17) Invalid block (bad block) 

The TC5832FT device contains unusable blocks. Therefore, the following issues must be recognized: 



-> Bad Block 


Bad Block 


Check if the device has any bad blocks after device installation into the 
system. Do not try to access bad blocks. A bad block does not affect the 
performance of good blocks because it is isolated from the bit line by the 
select gate. The number of valid blocks is as follows: 



iVIIN. 

TYP. 

MAX. 

UNIT 

Valid (Good) Block Number 

502 

508 

512 

Blocks 


Figure 37 shows the bad block test flow. 


Figure 35 


(18) Error in program or erase operation (Fail at status read) 

The device may fail during a program or erase operation due to exceeding write/erase cycle limits, for example. The following 
system architecture will enable high system reliability if a failure occurs. 


Program 



Block A 


Block B 


When an error happens in Block A, try to reprogram the 
data into another (Block B) by loading from an external buffer. 
Then, prevent further system accesses to Block A (by creating 
a “bad blocks” table or another appropriate scheme.) 


Erase 

When an error occurs for an erase operation, prevent future accesses to this bad block (again by creating a table within the 
system or other appropriate scheme.) 
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Bad Block Test Flow 


( Test StarP) 

C; Checker board pattern 
C: Checker board pattern 
Blank check: 1 Block read (FFH) 

The blank check operation detects 
“0”s resulting from factory block testing. 

Any new devices having “0”s in a block indicates 




Figure 37. Bad Block Test Flow 


D-144 


TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 


PRELIMINARY 










lImE 


D* Non-VolatUe 


















TC5832FT 


NAND EEPROM 


NV32010196 


Notes 
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